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(54) Method for making a probe card with multiple contact tips for testing integrated circuit

(57) A method of producing a tested semiconductor
device comprising: providing a probe card assembly,
said probe card assembly including a probe card having
a plurality of electrical contacts, a probe substrate hav-
ing a plurality of elongate, resilient probe elements, and
a compliant interconnection structure electrically con-
necting ones of said electrical contacts with ones of said
probe elements; providing a plurality of semiconductor
devices, each of said semiconductor devices including
electrical contact pads; bringing said probe elements in-
to contact with said electrical contact pads of said sem-
iconductor device; and testing said semiconductor de-
vices.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to making temporary,
pressure connections between electronic components
and, more particularly, to techniques for performing test
and burn-in procedures on semiconductor devices prior
to their packaging, preferably prior to the individual sem-
iconductor devices being singulated from a semicon-
ductor wafer.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This patent application is a continuation-in-
part of commonly-owned, copending U.S. Patent Appli-
cation No. 08/452,255 (hereinafter "PARENT CASE"),
filed 5/26/95 (status: pending), which is a continuation-
in-part of commonly-owned, copending U.S. Patent Ap-
plication No. 08/340,144 filed 11/15/94 (status: pending)
and its counterpart PCT patent application number PCT/
US94/13373 filed 11/16/94 (published 26 May 95 as WO
95/14314), both of which are continuations-in-part of
commonly-owned, copending U.S. Patent Application
No. 08/152,812, filed 11/16/93 (status: pending/al-
lowed).
[0003] This patent application is also a continuation-
in-part of commonly-owned, copending U.S. Patent Ap-
plication No. 08/526,246, filed 9/21/95 (status: pending),
and of commonly-owned, copending U.S. Patent Appli-
cation No. 08/533,584, filed 10/18/95 (status: pending).

BACKGROUND OF THE INVENTION

[0004] Individual semiconductor (integrated circuit)
devices (dies) are typically produced by creating several
identical devices on a semiconductor wafer, using know
techniques of photolithography, deposition, and the like.
Generally, these processes are intended to create a plu-
rality of fully-functional integrated circuit devices, prior
to singulating (severing) the individual dies from the
semiconductor wafer. In practice, however, certain
physical defects. in the wafer itself and certain defects
in the processing of the wafer inevitably lead to some of
the dies being "good" (fully-functional) and some of the
dies being "bad" (non-functional). It is generally desira-
ble to be able to identify which of the plurality of dies on
a wafer are good dies prior to their packaging, and pref-
erably prior to their being singulated from the wafer. To
this end, a wafer "tester" or "prober" may advantageous-
ly be employed to make a plurality of discrete pressure
connections to a like plurality of discrete connection
pads (bond pads) on the dies. In this manner, the sem-
iconductor dies can be tested and exercised, prior to sin-
gulating the dies from the wafer. A conventional compo-
nent of a wafer tester is a "probe card" to which a plu-
rality of probe elements are connected - tips of the probe
elements effecting the pressure connections to the re-

spective bond pads of the semiconductor dies.
[0005] Certain difficulties are inherent in any tech-
nique for probing semiconductor dies. For example,
modern integrated circuits include many thousands of
transistor elements requiring many hundreds of bond
pads disposed in close proximity to one another (e.g., 5
mils center-to-center). Moreover, the layout of the bond
pads need not be limited to single rows of bond pads
disposed close to the peripheral edges of the die (See,
e.g., U.S. Patent No. 5,453,583).
[0006] To effect reliable pressure connections be-
tween the probe elements and the semiconductor die
one must be concerned with several parameters includ-
ing, but not limited to: alignment, probe force, overdrive,
contact force, balanced contact force, scrub, contact re-
sistance, and planarization. A general discussion of
these parameters may be found in U.S. Patent No.
4,837,622, entitled HIGH DENSITY PROBE CARD, in-
corporated by reference herein, which discloses a high
density epoxy ring probe card including a unitary printed
circuit board having a central opening adapted to re-
ceive a preformed epoxy ring array of probe elements.
[0007] Generally, prior art probe card assemblies in-
clude a plurality of tungsten needles extending as can-
tilevers from a surface of a probe card. The tungsten
needles may be mounted in any suitable manner to the
probe card, such as by the intermediary of an epoxy ring,
as discussed hereinabove. Generally, in any case, the
needles are wired to terminals of the probe card through
the intermediary of a separate and distinct wire connect-
ing the needles to the terminals of the probe card.
[0008] Probe cards are typically formed as circular
rings, with hundreds of probe elements (needles) ex-
tending from an inner periphery of the ring (and wired to
terminals of the probe card). Circuit modules, and con-
ductive traces (lines) of preferably equal length, are as-
sociated with each of the probe elements. This ring-
shape layout makes it difficult, and in some cases im-
possible, to probe a plurality of unsingulated semicon-
ductor dies (multiple sites) on a wafer, especially when
the bond pads of each semiconductor die are arranged
in other than two linear arrays along two opposite edges
of the semiconductor die.
[0009] Wafer testers may alternately employ a probe
membrane having a central contact bump area, as is
discussed in U.S. Patent No. 5,422,574, entitled LARGE
SCALE PROTRUSION MEMBRANE FOR SEMICON-
DUCTOR DEVICES UNDER TEST WITH VERY HIGH
PIN COUNTS, incorporated by reference herein. As not-
ed in this patent, "A test system typically comprises a
test controller for executing and controlling a series of
test programs, a wafer dispensing system for mechan-
ically handling and positioning wafers in preparation for
testing and a probe card for maintaining an accurate me-
chanical contact with the device-under-test (DUT)." (col-
umn 1, lines 41-46).
[0010] Additional references, incorporated by refer-
ence herein, as indicative of the state of the art in testing
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semiconductor devices, include U.S. Patent Nos.
5,442,282 (TESTING AND EXERCISING INDIVIDUAL
UNSINGULATED DIES ON A WAFER); 5,382,898
(HIGH DENSITY PROBE CARD FOR TESTING ELEC-
TRICAL CIRCUITS); 5,378,982 TEST PROBE FOR
PANEL HAVING AN OVERLYING PROTECTIVE MEM-
BER ADJACENT PANEL CONTACTS); 5,339,027
(RIGID-FLEX CIRCUITS WITH RAISED FEATURES
AS IC TEST PROBES); 5,180,977 (MEMBRANE
PROBE CONTACT BUMP COMPLIANCY SYSTEM);
5,066,907 (PROBE SYSTEM FOR DEVICE AND CIR-
CUIT TESTING); 4,757,256 (HIGH DENSITY PROBE
CARD); 4,161,692 (PROBE DEVICE FOR INTEGRAT-
ED CIRCUIT WAFERS); and 3,990,689 (ADJUSTABLE
HOLDER ASSEMBLY FOR POSITIONING A VACUUM
CHUCK).
[0011] Generally, interconnections between electron-
ic components can be classified into the two broad cat-
egories of "relatively permanent" and "readily demount-
able".
[0012] An example of a "relatively permanent" con-
nection is a solder joint. Once two components are sol-
dered to one another, a process of unsoldering must be
used to separate the components. A wire bond is anoth-
er example of a "relatively permanent" connection.
[0013] An example of a "readily demountable" con-
nection is rigid pins of one electronic component being
received by resilient socket elements of another elec-
tronic component. The socket elements exert a contact
force (pressure) on the pins in an amount sufficient to
ensure a reliable electrical connection therebetween.
[0014] Interconnection elements intended to make
pressure contact with terminals of an electronic compo-
nent are referred to herein as "springs" or "spring ele-
ments". Generally, a certain minimum contact force is
desired to effect reliable pressure contact to electronic
components (e.g., to terminals on electronic compo-
nents). For example, a contact (load) force of approxi-
mately 15 grams (including as little as 2 grams or less
and as much as 150 grams or more, per contact) may
be desired to ensure that a reliable electrical connection
is made to a terminal of an electronic component which
may be contaminated with films on its surface, or which
has corrosion or oxidation products on its surface. The
minimum contact force required of each spring de-
mands either that the yield strength of the spring mate-
rial or that the size of the spring element are increased.
As a general proposition, the higher the yield strength
of a material, the more difficult it will be to work with (e.
g., punch, bend, etc.). And the desire to make springs
smaller essentially rules out making them larger in
cross-section.
[0015] Probe elements are a class of spring elements
of particular relevance to the present invention. Prior art
probe elements are commonly fabricated from tungsten,
a relatively hard (high yield strength) material. When it
is desired to mount such relatively hard materials to ter-
minals of an electronic component, relatively "hostile"

(e.g., high temperature) processes such as brazing are
required. Such "hostile" processes are generally not de-
sirable (and often not feasible) in the context of certain
relatively "fragile" electronic components such as sem-
iconductor devices. In contrast thereto, wire bonding is
an example of a relatively "friendly" processes which is
much less potentially damaging to fragile electronic
components than brazing. Soldering is another example
of a relatively "friendly" process. However, both solder
and gold are relatively soft (low yield strength) materials
which will not function well as spring elements.
[0016] A subtle problem associated with interconnec-
tion elements, including spring contacts, is that, often,
the terminals of an electronic component are not per-
fectly coplanar. Interconnection elements lacking in
some mechanism incorporated therewith for accommo-
dating these "tolerances" (gross non-planarities) will be
hard pressed to make consistent contact pressure con-
tact with the terminals of the electronic component.
[0017] The following U.S. Patents, incorporated by
reference herein, are cited as being of general interest
vis-a-vis making connections, particularly pressure con-
nections, to electronic components: U.S. Patent Nos.
5,386,344 (FLEX CIRCUIT CARD ELASTOMERIC CA-
BLE CONNECTOR ASSEMBLY); 5,336,380 (SPRING
BIASED TAPERED CONTACT ELEMENTS FOR
ELECTRICAL CONNECTORS AND INTEGRATED
CIRCUIT PACKAGES) ; 5,317,479 (PLATED COMPLI-
ANT LEAD) ; 5,086,337 (CONNECTING STRUCTURE
OF ELECTRONIC PART AND ELECTRONIC DEVICE
USING THE STRUCTURE); 5,067,007 (SEMICON-
DUCTOR DEVICE HAVING LEADS FOR MOUNTING
TO A SURFACE OF A PRINTED CIRCUIT BOARD);
4,989,069 (SEMICONDUCTOR PACKAGE HAVING
LEADS THAT BREAK-AWAY FROM SUPPORTS);
4,893,172 (CONNECTING STRUCTURE FOR ELEC-
TRONIC PART AND METHOD OF. MANUFACTURING
THE SAME); 4,793,814 (ELECTRICAL CIRCUIT
BOARD INTERCONNECT); 4,777,564 (LEADFORM
FOR USE WITH SURFACE MOUNTED
COMPONENTS) ; 4,764,848 (SURFACE MOUNTED
ARRAY STRAIN RELIEF DEVICE); 4,667,219 (SEMI-
CONDUCTOR CHIP INTERFACE); 4,642,889 (COM-
PLIANT INTERCONNECTION AND METHOD THERE-
FOR); 4,330,165 (PRESS-CONTACT TYPE INTER-
CONNECTORS); 4,295,700 (INTERCONNECTORS);
4,067,104 (METHOD OF FABRICATING AN ARRAY
OF FLEXIBLE METALLIC INTERCONNECTS FOR
COUPLING MICROELECTRONICS COMPONENTS);
3,795,037 (ELECTRICAL CONNECTOR DEVICES);
3,616,532 (MULTILAYER PRINTED CIRCUIT ELEC-
TRICAL INTERCONNECTION DEVICE); and
3,509,270 (INTERCONNECTION FOR PRINTED CIR-
CUITS AND METHOD OF MAKING SAME).
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BRIEF DESCRIPTION (SUMMARY) OF THE
INVENTION

[0018] It is an object of the present invention to pro-
vide a technique for probing semiconductor devices,
particularly while they are resident on a semiconductor
wafer.
[0019] It is another object of the present invention to
provide a technique for probing semiconductor devices
that allows the tips of the probe elements to be oriented
without changing the position of the probe card.
[0020] It is another object of the present invention to
provide an improved spring element (resilient contact
structure) that can be mounted directly to a terminal of
an electronic component.
[0021] It is another object of the' invention to provide
interconnection elements that are suitable for making
pressure contact to electronic components.
[0022] According to the invention, a probe card as-
sembly includes a probe card (electronic component)
having a top surface, a bottom surface and a plurality of
terminals on the top surface thereof; an interposer (elec-
tronic component) having a top surface, a bottom sur-
face, a first plurality of resilient contact structures ex-
tending from terminals on the bottom surface thereof
and a second plurality of contact structures extending
from terminals on the top surface thereof; and a space
transformer (electronic component) having a top sur-
face, a bottom surface, a plurality of contact pads (ter-
minals) disposed on the bottom surface thereof, and a
third plurality of resilient contact structures (probe ele-
ments) extending from terminals on the top surface
thereof.
[0023] The interposer is disposed between the top
surface of the probe card and the bottom surface of the
space transformer, and allows the orientation (planarity)
of the space transformer to be adjusted without altering
the orientation of the probe card. A suitable mechanism
for effecting this adjustment of space transformer orien-
tation, and a technique for determining the correct ori-
entation of the space transformer are disclosed herein.
In this manner, the tips (distal ends) of the probe ele-
ments can be adjusted to ensure reliable pressure con-
tact between the tips of the probe elements and corre-
sponding bond pads (terminals) of a semiconductor de-
vice being probed.
[0024] Alternatively, a plurality of resilient contact
structures are provided on the bottom surface of the
space transformer component (i.e., fabricated on the
terminals on the bottom surface of the space transform-
er), in lieu of the interposer component, for making con-
tact directly (i.e., without the intermediary of the inter-
poser) to the terminals on the top surface of the probe
card.
[0025] Generally, the space transformer component
permits a plurality of resilient contact structures extend-
ing from its top surface to make contact with terminals
of an electronic component (i.e., bond pads on semicon-

ductor devices) at a relatively fine pitch (spacing), while
connections to the space transformer (i.e., to the bond
pads or, alternatively, resilient contact structures) on its
bottom surface are effected at a relatively coarser pitch.
[0026] According to an aspect of the invention, the
space transformer and interposer components of the
probe card assembly may be provided as a "kit", adapt-
ed for use with a probe card. Optionally, the mechanism
for adjusting the orientation of the space transformer
can be included in the "kit".
[0027] According to an aspect of the invention, the re-
silient contact structures (probe elements) extending
from the top surface of the space transformer compo-
nent are "composite interconnection elements" (defined
hereinbelow). In the alternate case of resilient contact
structures also extending from the bottom surface of the
space transformer, these may be "composite intercon-
nection elements" as well.
[0028] According to an aspect of the invention, the re-
silient contact structures extending from the top and bot-
tom surfaces of the interposer component are "compos-
ite interconnection elements" (defined hereinbelow).
[0029] According to an aspect of the invention, the
probe elements (resilient contact structures extending
from the top surface of the space transformer compo-
nent) are preferably formed as "composite interconnec-
tion elements" which are fabricated directly upon the ter-
minals of the space transformer component of the probe
card assembly. The "composite" (multilayer) intercon-
nection element is fabricated by mounting an elongate
element ("core") to an electronic component, shaping
the core to have a spring shape, and overcoating the
core to enhance the physical (e.g., spring) characteris-
tics of the resulting composite interconnection element
and/or to securely anchor the resulting composite inter-
connection element to the electronic component. The
resilient contact structures of the interposer component
may also be formed as composite interconnection ele-
ments.
[0030] The use of the term "composite", throughout
the description set forth herein, is consistent with a 'ge-
neric' meaning of the term (e.g., formed of two or more
elements), and is not to be confused with any usage of
the term "composite" in other fields of endeavor, for ex-
ample, as it may be applied to materials such as glass,
carbon or other fibers supported in a matrix of resin or
the like.
[0031] As used herein, the term "spring shape" refers
to virtually any shape of an elongate element which will
exhibit elastic (restorative) movement of an end (tip) of
the elongate element with respect to a force applied to
the tip. This includes elongate elements shaped to have
one or more bends, as well as substantially straight
elongate elements.
[0032] As used herein, the terms "contact area", "ter-
minal", "pad", and the like refer to any conductive area
on any electronic component to which an interconnec-
tion element is mounted or makes contact.
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[0033] Alternatively, the core is shaped prior to mount-
ing to an electronic component.
[0034] Alternatively, the core is mounted to or is a part
of a sacrificial substrate which is not an electronic com-
ponent. The sacrificial substrate is removed after shap-
ing, and either before or after overcoating. According to
an aspect of the invention, tips having various topogra-
phies can be disposed at the contact ends of the inter-
connection elements. (See also Figures 11A-11F of the
PARENT CASE.)
[0035] In an embodiment of the invention, the core is
a "soft" material having a relatively low yield strength,
and is overcoated with a "hard" material having a rela-
tively high yield strength. For example, a soft material
such as a gold wire is attached (e.g., by wire bonding)
to a bond pad of a semiconductor device and is over-
coated (e.g., by electrochemical plating) with a hard ma-
terial such nickel and its alloys.
[0036] Vis-a-vis overcoating the core, single and mul-
ti-layer overcoatings, "rough" overcoatings having mi-
croprotrusions (see also Figures 5C and 5D of the PAR-
ENT CASE), and overcoatings extending the entire
length of or only a portion of the length of the core, are
described. In the latter case, the tip of the core may suit-
ably be exposed for making contact to an electronic
component (see also Figure 5B of the PARENT CASE).
[0037] Generally, throughout the description set forth
herein, the term "plating" is used as exemplary of a
number of techniques for overcoating the core. It is with-
in the scope of this invention that the core can be over-
coated by any suitable technique including, but not lim-
ited to: various processes involving deposition of mate-
rials out of aqueous solutions; electrolytic plating; elec-
troless plating; chemical vapor deposition (CVD); phys-
ical vapor deposition (PVD); processes causing the dep-
osition of materials through induced disintegration of liq-
uid or solid precursors; and the like, all of these tech-
niques for depositing materials being generally well
known.
[0038] Generally, for overcoating the core with a me-
tallic material such as nickel, electrochemical processes
are preferred, especially electroless plating.
[0039] In another embodiment of the invention, the
core is an elongate element of a "hard" material, inher-
ently suitable to functioning as a spring element, and is
mounted at one end to a terminal of an electronic com-
ponent. The core, and at least an adjacent area of the
terminal, is overcoated with a material which will en-
hance anchoring the core to the terminal. In this manner,
it is not necessary that the core be well-mounted to the
terminal prior to overcoating, and processes which are
less potentially damaging to the electronic component
may be employed to "tack" the core in place for subse-
quent overcoating. These "friendly" processes include
soldering, gluing, and piercing an end of the hard core
into a soft portion of the terminal.
[0040] Preferably, the core is in the form of a wire. Al-
ternatively, the core is a flat tab (conductive metallic rib-

bon).
[0041] Representative materials, both for the core
and for the overcoatings, are disclosed.
[0042] In the main hereinafter, techniques involving
beginning with a relatively soft (low yield strength) core,
which is generally of very small dimension (e.g., 3.0 mil
or less) are described. Soft materials, such as gold,
which attach easily to semiconductor devices, generally
lack sufficient resiliency to function as springs. (Such
soft, metallic materials exhibit primarily plastic, rather
than elastic deformation.) Other soft materials which
may attach easily to semiconductor devices and pos-
sess appropriate resiliency are often electrically non-
conductive, as in the case of most elastomeric materi-
als. In either case, desired structural and electrical char-
acteristics can be imparted to the resulting composite
interconnection element by the overcoating applied over
the core. The resulting composite interconnection ele-
ment can be made very small, yet can exhibit appropri-
ate contact forces. Moreover, a plurality of such com-
posite interconnection elements can be arranged at a
fine pitch (e.g., 10 mils), even though they have a length
(e.g., 100 mils) which is much greater than the distance
to a neighboring composite interconnection element
(the distance between neighboring interconnection ele-
ments being termed "pitch").
[0043] It is within the scope of this invention that com-
posite interconnection elements can be fabricated on a
microminiature scale, for example as "microsprings" for
connectors and sockets, having cross-sectional dimen-
sions on the order of twenty-five microns (µm), or less.
This ability to manufacture reliable interconnection hav-
ing dimensions measured in microns, rather than mils,
squarely addresses the evolving needs of existing inter-
connection technology and future area array technolo-
gy.
[0044] The composite interconnection elements of
the present invention exhibit superior electrical charac-
teristics, including electrical conductivity, solderability
and low contact resistance. In many cases, deflection
of the interconnection element in response to applied
contact forces results in a "wiping" contact, which helps
ensure that a reliable contact is made.
[0045] An additional advantage of the present inven-
tion is that connections made with the interconnection
elements of the present invention are readily demount-
able. Soldering, to effect the interconnection to a termi-
nal of an electronic component is optional, but is gener-
ally not preferred at a system level.
[0046] According to an aspect of the invention, tech-
niques are described for making interconnection ele-
ments having controlled impedance. These techniques
generally involve coating (e.g., electrophoretically) a
conductive core or an entire composite interconnection
element with a dielectric material (insulating layer), and
overcoating the dielectric material with an outer layer of
a conductive material. By grounding the outer conduc-
tive material layer, the resulting interconnection element
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can effectively be shielded, and its impedance can read-
ily be controlled. (See also Figure 10K of the PARENT
CASE.)
[0047] According to an aspect of the invention, inter-
connection elements can be pre-fabricated as individual
units, for later attachment to electronic components.
Various techniques for accomplishing this objective are
set forth herein. Although not specifically covered in this
document, it is deemed to be relatively straightforward
to fabricate a machine that will handle the mounting of
a plurality of individual interconnection elements to a
substrate or, alternatively, suspending a plurality of in-
dividual interconnection elements in an elastomer, or on
a support substrate.
[0048] It should clearly be understood that the com-
posite interconnection element of the present invention
differs dramatically from interconnection · elements of
the prior art which have been coated to enhance their
electrical conductivity characteristics or to enhance their
resistance to corrosion.
[0049] The overcoating of the present invention is
specifically intended to substantially enhance anchoring
of the interconnection element to a terminal of an elec-
tronic component and/or to impart desired resilient char-
acteristics to the resulting composite interconnection el-
ement. Stresses (contact forces) are directed to portions
of the interconnection elements which are specifically
intended to absorb the stresses.
[0050] It should also be appreciated that the present
invention provides essentially a new technique for mak-
ing spring structures. Generally, the operative structure
of the resulting spring is a product of plating, rather than
of bending and shaping. This opens the door to using a
wide variety of materials to establish the spring shape,
and a variety of "friendly" processes for attaching the
"falsework" of the core to electronic components. The
overcoating functions as a "superstructure" over the
"falsework" of the core, both of which terms have their
origins in the field of civil engineering.
[0051] A distinct advantage of the present invention
is that probe elements (resilient contact structures) can
be fabricated directly on terminals of a space transform-
er substrate component of a probe card assembly with-
out requiring additional materials, such as brazing or
soldering.
[0052] According to an aspect of the invention, any of
the resilient contact structures may be formed as at least
two composite interconnection elements.
[0053] Other objects, features and advantages of the
invention will become apparent in light of the following
description thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] Reference will be made in detail to preferred
embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Although the
invention will be described in the context of these pre-

ferred embodiments, it should be understood that it is
not intended to limit the spirit and scope of the invention
to these particular embodiments.
[0055] Figure 1A is a cross-sectional view of a longi-
tudinal portion, including one end, of an interconnection
element, according to an embodiment of the invention.
[0056] Figure 1B is a cross-sectional view of a longi-
tudinal portion, including one end, of an interconnection
element, according to another embodiment of the inven-
tion.
[0057] Figure 1C is a cross-sectional view of a longi-
tudinal portion, including one end of an interconnection
element, according to another embodiment of the inven-
tion.
[0058] Figure 1D is a cross-sectional view of a longi-
tudinal portion, including one end of an interconnection
element, according to another embodiment of the inven-
tion.
[0059] Figure 1E is a cross-sectional view of a longi-
tudinal portion, including one end of an interconnection
element, according to another embodiment of the inven-
tion.
[0060] Figure 2A is a cross-sectional view of an in-
terconnection element mounted to a terminal of an elec-
tronic component and having a multi-layered shell, ac-
cording to the invention.
[0061] Figure 2B is a cross-sectional view of an in-
terconnection element having a multi-layered shell,
wherein an intermediate layer is of a dielectric material,
according to the invention.
[0062] Figure 2C is a perspective view of a plurality
of interconnection elements mounted to an electronic
component (e.g., a probe card insert), according to the
invention.
[0063] Figure 2D is a cross-sectional view of an ex-
emplary first step of a technique for manufacturing in-
terconnection elements, according to the invention.
[0064] Figure 2E is a cross-sectional view of an ex-
emplary further step of the technique of Figure 2D for
manufacturing interconnection elements, according to
the invention.
[0065] Figure 2F is a cross-sectional view of an ex-
emplary further step of the technique of Figure 2E for
manufacturing interconnection elements, according to
the invention.
[0066] Figure 2G is a cross-sectional view of an ex-
emplary plurality of individual interconnection elements
fabricated according to the technique of Figures 2D-2F,
according to the invention.
[0067] Figure 2H is a cross-sectional view of an ex-
emplary plurality of interconnection elements fabricated
according to the technique of Figures 2D-2F, and as-
sociated in a prescribed spatial relationship with one an-
other, according to the invention.
[0068] Figure 2I is a cross-sectional view of an alter-
nate embodiment for manufacturing interconnection el-
ements, showing a one end of one element, according
to the invention.
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[0069] Figure 3A is a cross-sectional view of an em-
bodiment of an interposer, according to the invention.
[0070] Figure 3B is a cross-sectional view of another
embodiment of an interposer, according to the invention.
[0071] Figure 3C is a cross-sectional view of another
embodiment of an interposer, according to the invention.
[0072] Figure 4 is a cross-sectional view of an em-
bodiment of a generic space transformer, according to
the invention.
[0073] Figure 5 is an exploded view, partially in cross-
section, of the probe card assembly of the present in-
vention.
[0074] Figure 5A is a perspective view of a space
transformer component suited for use in the probe card
assembly of Figure 5, according to the invention.
[0075] Figure 5B is a perspective view of another
space transformer component suited for use in the
probe card assembly of Figure 5, according to the in-
vention.
[0076] Figure 5C is a bottom plan view of a space
transformer component suited for use in the probe card
assembly of Figure 5, according to the invention.
[0077] Figure 6A is a bottom plan view of either the
top or bottom surfaces of an exemplary interposer sub-
strate for use in the probe card assembly of Figure 5,
according to the invention.
[0078] Figure 6B is a partial cross-sectional view of
the interposer component illustrated in Figure 6A, ac-
cording to the invention.
[0079] Figure 7 is a view, partially in cross-section,
and partially-schematic, of a probe card assembly sim-
ilar to the probe card assembly illustrated in Figure 5
being aligned for use in testing semiconductor wafers,
according to the invention.
[0080] Figure 7A is a view, partially in cross-section,
and partially-schematic, of a technique for automatically
adjusting the orientation of the space transformer com-
ponent, according to the invention.
[0081] Figure 8A is a cross-sectional view of a tech-
nique for fabricating tip structures for probe elements,
according to the invention.
[0082] Figure 8B is a cross-sectional view of further
steps in the technique of Figure 8A, according to the
invention.
[0083] Figure 8C is a side view, partially in cross-sec-
tion and partially in full of a space transformer compo-
nent, according to the invention.
[0084] Figure 8D is a side view, partially in cross-sec-
tion and partially in full of the space transformer compo-
nent of Figure 8C being joined with the tip structures of
Figure 8B, according to the invention.
[0085] Figure 8E is a side view, partially in cross-sec-
tion and partially in full of a further step in joining the
space transformer component of Figure 8C joined with
the tip structures of Figure 8B, according to the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0086] This patent application is directed to probe
card assemblies, components thereof, and methods of
using same. As will be evident from the description that
follows, the use of resilient contact structures to effect
pressure connections to terminals of an electronic com-
ponent is essential. Preferably, the resilient contact
structures are implemented as "composite interconnec-
tion elements", such as have been described in the dis-
closure of the aforementioned U.S. Patent Application
No. 08/452,255, filed 5/26/95 ("PARENT CASE"), incor-
porated by reference herein. This patent application
summarizes several of the techniques disclosed in the
PARENT CASE in the discussions of Figures 1A-1E
and 2A-2I.
[0087] An important aspect of the preferred technique
for practicing the present invention is that a "composite"
interconnection element can be formed by starting with
a core (which may be mounted to a terminal of an elec-
tronic component), then overcoating the core with an ap-
propriate material to: (1) establish the mechanical prop-
erties of the resulting composite interconnection ele-
ment; and/or (2) when the interconnection element is
mounted to a terminal of an electronic component, se-
curely anchor the interconnection element to the termi-
nal. In this manner, a resilient interconnection element
(spring element) can be fabricated, starting with a core
of a soft material which is readily shaped into a spring-
able shape and which is readily attached to even the
most fragile of electronic components. In light of prior
art techniques of forming spring elements from hard ma-
terials, is not readily apparent, and is arguably counter-
intuitive, that soft materials can form the basis of spring
elements. Such a "composite" interconnection element
is generally the preferred form of resilient contact struc-
ture for use in the embodiments of the present invention.
[0088] Figures 1A, 1B, 1C and 1D illustrate, in a gen-
eral manner, various shapes for composite interconnec-
tion elements, according to the present invention.
[0089] In the main, hereinafter, composite intercon-
nection elements which exhibit resiliency are described.
However, it should be understood that non-resilient
composite interconnection elements fall within the
scope of the invention.
[0090] Further, in the main hereinafter, composite in-
terconnection elements that have a soft (readily shaped,
and amenable to affixing by friendly processes to elec-
tronic components) core, overcoated by hard (springy)
materials are described. It is, however, within the scope
of the invention that the core can be a hard material -
the overcoat serving primarily to securely anchor the in-
terconnection element to a terminal of an electronic
component.
[0091] In Figure 1A, an electrical interconnection el-
ement 110 includes a core 112 of a "soft" material (e.g.,
a material having a yield strength of less than 40,000
psi), and a shell (overcoat) 114 of a "hard" material (e.
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g., a material having a yield strength of greater than
80,000 psi). The core 112 is an elongate element
shaped (configured) as a substantially straight cantilev-
er beam, and may be a wire having a diameter of
0.0005-0.0030 inches (0.001 inch = 1 mil ~ 25 microns
(µm)). The shell 114 is applied over the already-shaped
core 112 by any suitable process, such as by a suitable
plating process (e.g., by electrochemical plating).
[0092] Figure 1A illustrates what is perhaps the sim-
plest of spring shapes for an interconnection element of
the present invention - namely, a straight cantilever
beam oriented at an angle to a force "F" applied at its
tip 110b. When such a force is applied by a terminal of
an electronic component to which the interconnection
element is making a pressure contact, the downward (as
viewed) deflection of the tip will evidently result in the
tip moving across the terminal, in a "wiping" motion.
Such a wiping contact ensures a reliable contact being
made between the interconnection element and the
contacted terminal of the electronic component.
[0093] By virtue of its "hardness", and by controlling
its thickness (0.00025-0.00500 inches), the shell 114
imparts a desired resiliency to the overall-interconnec-
tion element 110. In this manner, a resilient interconnec-
tion between electronic components (not shown) can be
effected between the two ends 110a and 110b of the in-
terconnection element 110. (In Figure 1A, the reference
numeral 110a indicates an end portion of the intercon-
nection element 110, and the actual end opposite the
end 110b is not shown.) In contacting a terminal of an
electronic component, the interconnection element 110
would be subjected to a contact force (pressure), as in-
dicated by the arrow labelled "F".
[0094] The interconnection element (e.g., 110) will de-
flect in response to an applied contact force, said de-
flection (resiliency) being determined in part by the over-
all shape of the interconnection element, in part by the
dominant (greater) yield strength of the overcoating ma-
terial (versus that of the core), and in part by the thick-
ness of the overcoating material .
[0095] As used herein, the terms "cantilever" and
"cantilever beam" are used to indicate that an elongate
structure (e.g., the overcoated core 112) is mounted
(fixed) at one end, and the other end is free to move,
typically in response to a force acting generally trans-
verse to the longitudinal axis of the elongate element.
No other specific or limiting meaning is intended to be
conveyed or connoted by the use of these terms.
[0096] In Figure 1B, an electrical interconnection el-
ement 120 similarly includes a soft core 122 (compare
112) and a hard shell 124 (compare 114). In this exam-
ple, the core 122 is shaped to have two bends, and thus
may be considered to be S-shaped. As in the example
of Figure 1A, in this manner, a resilient interconnection
between electronic components (not shown) can be ef-
fected between the two ends 120a and 120b of the in-
terconnection element 120. (In Figure 1B, reference nu-
meral 120a indicates an end portion of the interconnec-

tion element 120, and the actual end opposite the end
120b is not shown.) In contacting a terminal of an elec-
tronic component, the interconnection element 120
would be subjected to a contact force (pressure), as in-
dicated by the arrow labelled "F".
[0097] In Figure 1C, an electrical interconnection el-
ement 130 similarly includes a soft core 132 (compare
112) and a hard shell 134 (compare 114). In this exam-
ple, the core 132 is shaped to have one bend, and may
be considered to be U-shaped. As in the example of Fig-
ure 1A, in this manner, a resilient interconnection be-
tween electronic components (not shown) can be effect-
ed between the two ends 130a and 130b of the inter-
connection element 130. (In Figure 1C, the reference
numeral 130a indicates an end portion of the intercon-
nection element 130, and the actual end opposite the
end 130b is not shown.) In contacting a terminal of an
electronic component, the interconnection element 130
could be subjected to a contact force (pressure), as in-
dicated by the arrow labelled "F". Alternatively, the in-
terconnection element 130 could be employed to make
contact at other than its end 130b, as indicated by the
arrow labelled "F".
[0098] Figure 1D illustrates another embodiment of a
resilient interconnection element 140 having a soft core
142 and a hard shell 144. In this example, the intercon-
nection element 140 is essentially a simple cantilever
(compare Figure 1A), with a curved tip 140b, subject to
a contact force "F" acting transverse to its longitudinal
axis.
[0099] Figure 1E illustrates another embodiment of a
resilient interconnection element 150 having a soft core
152 and a hard shell 154. In this example, the intercon-
nection element 150 is generally "C-shaped", preferably
with a slightly curved tip 150b, and is suitable for making
a pressure contact as indicated by the arrow labelled
"F".
[0100] It should be understood that the soft core can
readily be formed into any springable shape - in other
words, a shape that will cause a resulting interconnec-
tion element to deflect resiliently in response to a force
applied at its tip. For example, the core could be formed
into a conventional coil shape. However, a coil shape
would not be preferred, due to the overall length of the
interconnection element and inductances (and the like)
associated therewith and the adverse effect of same on
circuitry operating at high frequencies (speeds).
[0101] The material of the shell, or at least one layer
of a multi-layer shell (described hereinbelow) has a sig-
nificantly higher yield strength than the material of the
core. Therefore, the shell overshadows the core in es-
tablishing the mechanical characteristics (e.g., resilien-
cy) of the resulting interconnection structure. Ratios of
shell:core yield strengths are preferably at least 2:1, in-
cluding at least 3:1 and at least 5:1, and may be as high
as 10:1. It is also evident that the shell, or at least an
outer layer of a multi-layer shell should be electrically
conductive, notably in cases where the shell covers the
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end of the core. (The parent case, however, describes
embodiments where the end of the core is exposed, in
which case the core must be conductive.)
[0102] From an academic viewpoint, it is only neces-
sary that the springing (spring shaped) portion of the re-
sulting composite interconnection element be overcoat-
ed with the hard material. From this viewpoint, it is gen-
erally not essential that both of the two ends of the core
be overcoated. As a practical matter, however, it is pre-
ferred to overcoat the entire core. Particular reasons for
and advantages accruing to overcoating an end of the
core which is anchored (attached) to an electronic com-
ponent are discussed in greater detail hereinbelow.
[0103] Suitable materials for the core (112, 122, 132,
142) include, but are not limited to: gold, aluminum, cop-
per, and their alloys. These materials are typically al-
loyed with small amounts of other metals to obtain de-
sired physical properties, such as with beryllium, cad-
mium, silicon, magnesium, and the like. It is also possi-
ble to use silver, palladium, platinum; metals or alloys
such as metals of the platinum group of elements. Sol-
der constituted from lead, tin, indium, bismuth, cadmi-
um, antimony and their alloys can be used.
[0104] Vis-a-vis attaching an end of the core (wire) to
a terminal of an electronic component (discussed in
greater detail hereinbelow), generally, a wire of any ma-
terial (e.g., gold) that is amenable to bonding (using tem-
perature, pressure and/or ultrasonic energy to effect the
bonding) would be suitable for practicing the invention.
It is within the scope of this invention that any material
amenable to overcoating (e.g., plating), including non-
metallic material, can be used for the core.
[0105] Suitable materials for the shell (114, 124, 134,
144) include (and, as is discussed hereinbelow, for the
individual layers of a multi-layer shell), but are not limit-
ed to: nickel, and its alloys; copper, cobalt, iron, and their
alloys; gold (especially hard gold) and silver, both of
which exhibit excellent current-carrying capabilities and
good contact resistivity characteristics; elements of the
platinum group; noble metals; semi-noble metals and
their alloys, particularly elements of the platinum group
and their alloys; tungsten and molybdenum. In cases
where a solder-like finish is desired, tin, lead, bismuth,
indium and their alloys can also be used.
[0106] The technique selected for applying these
coating materials over the various core materials set
forth hereinabove will, of course, vary from application-
to-application. Electroplating and electroless plating are
generally preferred techniques. Generally, however, it
would be counter-intuitive to plate over a gold core. Ac-
cording to an aspect of the invention, when plating (es-
pecially electroless plating) a nickel shell over a gold
core, it is desirable to first apply a thin copper initiation
layer over the gold wire stem, in order to facilitate plating
initiation.
[0107] An exemplary interconnection element, such
as is illustrated in Figures 1A-1E may have a core di-
ameter of approximately 0.001 inches and a shell thick-

ness of 0.001 inches - the interconnection element thus
having an overall diameter of approximately 0.003 inch-
es (i.e., core diameter plus two times the shell thick-
ness). Generally, this thickness of the shell will be on
the order of 0.2 - 5.0 (one-fifth to five) times the thick-
ness (e.g., diameter) of the core.
[0108] Some exemplary parameters for composite in-
terconnection elements are:

(a) A gold wire core having a diameter of 1.5 mils is
shaped to have an overall height of 40 mils and a
generally C-shape curve (compare Figure 1E) of 9
mils radius, is plated with 0.75 mils of nickel (overall
diameter = 1.5 + 2 x 0.75 = 3 mils), and optionally
receives a final overcoat of 50 microinches of gold
(e.g., to lower and enhance contact resistance).
The resulting composite interconnection element
exhibits a spring constant (k) of approximately 3-5
grams/mil. In use, 3-5 mils of deflection will result
in a contact force of 9-25 grams. This example is
useful in the context of a spring element for an in-
terposer.
(b) A gold wire core having a diameter of 1.0 mils is
shaped to have an overall height of 35 mils, is plated
with 1.25 mils of nickel (overall diameter = 1.0 + 2
x 1.25 = 3.5 mils), and optionally receives a final
overcoat of 50 microinches of gold. The resulting
composite interconnection element exhibits a
spring constant (k) of approximately 3 grams/mil,
and is useful in the context of a spring element for
a probe.
(c) A gold wire core having a diameter of 1.5 mils is
shaped to have an overall height of 20 mils and a
generally S-shape curve with radii of approximately
5 mils, is plated with 0.75 mils of nickel or copper
(overall diameter = 1.5 + 2 x 0.75 = 3 mils). The
resulting composite interconnection element exhib-
its a spring constant (k) of approximately 2-3 grams/
mil, and is useful in the context of a spring element
for mounting on a semiconductor device.

[0109] As will be illustrated in greater detail hereinbe-
low, the core need not have a round cross-section, but
may rather be a flat tab (having a rectangular cross-sec-
tion) extending from a sheet. It should be understood
that, as used herein, the term "tab" is not to be confused
with the term "TAB" (Tape Automated Bonding).

MULTI-LAYER SHELLS

[0110] Figure 2A illustrates an embodiment 200 of an
interconnection element 210 mounted to an electronic
component 212 which is provided with a terminal 214.
In this example, a soft (e.g., gold) wire core 216 is bond-
ed (attached) at one end 216a to the terminal 214, is
configured to extend from the terminal and have a spring
shape (compare the shape shown in Figure 1B), and is
severed to have a free end 216b. Bonding, shaping and
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severing a wire in this manner is accomplished using
wirebonding equipment. The bond at the end 216a of
the core covers only a relatively small portion of the ex-
posed surface of the terminal 214.
[0111] A shell (overcoat) is disposed over the wire
core 216 which, in this example, is shown as being multi-
layered, having an inner layer 218 and an outer layer
220, both of which layers may suitably be applied by
plating processes. One or more layers of the multi-layer
shell is (are) formed of a hard material (such as nickel
and its alloys) to impart a desired resiliency to the inter-
connection element 210. For example, the outer layer
220 may be of a hard material, and the inner layer may
be of a material that acts as a buffer or barrier layer (or
as an activation layer, or as an adhesion layer) in plating
the hard material 220 onto the core material 216. Alter-
natively, the inner layer 218 may be the hard material,
and the outer layer 220 may be a material (such as soft
gold) that exhibits superior electrical characteristics, in-
cluding electrical conductivity and solderability. When a
solder or braze type contact is desired, the outer layer
of the interconnection element may be lead-tin solder or
gold-tin braze material, respectively.

ANCHORING TO A TERMINAL

[0112] Figure 2A illustrates, in a general manner, an-
other key feature of the invention - namely, that resilient
interconnection element can be securely anchored to a
terminal on an electronic component. The attached end
210a of the interconnection element will be subject to
significant mechanical stress, as a result of a compres-
sive force (arrow "F") applied to the free end 210b of the
interconnection element.
[0113] As illustrated in Figure 2A, the overcoat (218,
220) covers not only the core 216, but also the entire
remaining (i.e., other than the bond 216a) exposed sur-
face of the terminal 214 adjacent the core 216 in a con-
tinuous (non-interrupted) manner. This securely and re-
liably anchors the interconnection element 210 to the
terminal, the overcoat material providing a substantial
(e.g., greater than 50%) contribution to anchoring the
resulting interconnection element to the terminal. Gen-
erally, it is only required that the overcoat material cover
at least a portion of the terminal adjacent the core . It is
generally preferred, however, that the overcoat material
cover the entire remaining surface of the terminal. Pref-
erably, each layer of the shell is metallic.
[0114] As a general proposition, the relatively small
area at which the core is attached (e.g., bonded) to the
terminal is not well suited to accommodating stresses
resulting from contact forces ("F") imposed on the re-
sulting composite interconnection element. By virtue of
the shell covering the entire exposed surface of the ter-
minal (other than in the relatively small area comprising
the attachment of the core end 216a to the terminal), the
overall interconnection structure is firmly anchored to
the terminal. The adhesion strength, and ability to react

contact forces, of the overcoat will far exceed that of the
core end (216a) itself .
[0115] As used herein, the term "electronic compo-
nent" (e.g., 212) includes, but is not limited to: intercon-
nect and interposer substrates; semiconductor wafers
and dies, made of any suitable semiconducting material
such as silicon (Si) or gallium-arsenide (GaAs); produc-
tion interconnect sockets; test sockets; sacrificial mem-
bers, elements and substrates, as described in the par-
ent case; semiconductor packages, including ceramic
and plastic packages, and chip carriers; and connec-
tors.
[0116] The interconnection element of the present in-
vention is particularly well suited for use as:

• interconnection elements mounted directly to sili-
con dies, eliminating the need for having a semicon-
ductor package;

• interconnection elements extending as probes from
substrates (described in greater detail hereinbelow)
for testing electronic components; and

• interconnection elements of interposers (discussed
in greater detail hereinbelow).

[0117] The interconnection element of the present in-
vention is unique in that it benefits from the mechanical
characteristics (e.g., high yield strength) of a hard ma-
terial without being limited by the attendant typically
poor bonding characteristic of hard materials. As elab-
orated upon in the parent case, this is made possible
largely by the fact that the shell (overcoat) functions as
a "superstructure" over the "falsework" of the core, two
terms which are borrowed from the milieu of civil engi-
neering. This is very different from plated interconnec-
tion elements of the prior art wherein the plating is used
as a protective (e.g., anti-corrosive) coating, and is gen-
erally incapable of imparting the desired mechanical
characteristic to the interconnection structure. And this
is certainly in marked contrast to any non-metallic, an-
ticorrosive coatings, such as benzotriazole (BTA) ap-
plied to electrical interconnects.
[0118] Among the numerous advantages of the
present invention are that a plurality of free-standing in-
terconnect structures are readily formed on substrates,
from different levels thereof such as a PCB having a de-
coupling capacitor) to a common height above the sub-
strate, so that their free ends are coplanar with one an-
other. Additionally, both the electrical and mechanical
(e.g., plastic and elastic) characteristics of an intercon-
nection element formed according to the invention are
readily tailored for particular applications. For example,
it may be desirable in a given application that the inter-
connection elements exhibit both plastic and elastic de-
formation. (Plastic deformation may be desired to ac-
commodate gross non-planarities in components being
interconnected by the interconnection elements.) When
elastic behavior is desired, it is necessary that the inter-
connection element generate a threshold minimum
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amount of contact force to effect a reliable contact. It is
also advantageous that the tip of the interconnection el-
ement makes a wiping contact with a terminal of an elec-
tronic component, due to the occasional presence of
contaminant films on the contacting surfaces.
[0119] As used herein, the term "resilient", as applied
to contact structures, implies contact structures (inter-
connection elements) that exhibit primarily elastic be-
havior in response to an applied load (contact force),
and the term "compliant" implies contact structures (in-
terconnection elements) that exhibit both elastic and
plastic behavior in response to an applied load (contact
force). As used herein, a "compliant" contact structure
is a "resilient" contact structure. The composite inter-
connection elements of the present invention are a spe-
cial case of either compliant or resilient contact struc-
tures.
[0120] A number of features are elaborated upon in
detail, in the parent case, including, but not limited to:
fabricating the interconnection elements on sacrificial
substrates; gang-transferring a plurality of interconnec-
tion elements to an electronic component; providing the
interconnection elements with contact tips, preferably
with a rough surface finish; employing the interconnec-
tion elements on an electronic component to make tem-
porary, then permanent connections to the electronic
component; arranging the interconnection elements to
have different spacing at their one ends than at their op-
posite ends; fabricating spring clips and alignment pins
in the same process steps as fabricating the intercon-
nection elements; employing the interconnection ele-
ments to accommodate differences in thermal expan-
sion between connected components; eliminating the
need for discrete semiconductor packages (such as for
SIMMs); and optionally soldering resilient interconnec-
tion elements (resilient contact structures).

Controlled Impedance

[0121] Figure 2B shows a composite interconnection
element 220 having multiple layers. An innermost por-
tion (inner elongate conductive element) 222 of the in-
terconnection element 220 is either an uncoated core
or a core which has been overcoated, as described
hereinabove. The tip 222b of the innermost portion 222
is masked with a suitable masking material (not shown).
A dielectric layer 224 is applied over the innermost por-
tion 222 such as by an electrophoretic process. An outer
layer 226 of a conductive material is applied over the
dielectric layer 224.
[0122] In use, electrically grounding the outer layer
226 will result in the interconnection element 220 having
controlled impedance. An exemplary material for the di-
electric layer 224 is a polymeric material, applied in any
suitable manner and to any suitable thickness (e.g., 0.1
- 3.0 mils).
[0123] The outer layer 226 may be multi-layer. For ex-
ample, in instances wherein the innermost portion 222

is an uncoated core, at least one layer of the outer layer
226 is a spring material, when it is desired that the over-
all interconnection element exhibit resilience.

ALTERING PITCH

[0124] Figure 2C illustrates an embodiment 250
wherein a plurality (six of many shown) of interconnec-
tion elements 251..256 are mounted on a surface of an
electronic component 260, such as a probe card insert
(a subassembly mounted in a conventional manner to a
probe card). Terminals and conductive traces of the
probe card insert are omitted from this view, for illustra-
tive clarity. The attached ends 251a..256a of the inter-
connection elements 251..256 originate at a first pitch
(spacing), such as 0.05 - 0.10 inches. The interconnec-
tion elements 251..256 are shaped and/or oriented so
that their free ends (tips) are at a second, finer pitch,
such as 0.005 -0.010 inches. An interconnect assembly
which makes interconnections from a one pitch to an-
other pitch is typically referred to as a "space transform-
er".
[0125] As illustrated, the tips 251b..256b of the inter-
connection elements are arranged in two parallel rows,
such as for making contact to (for testing and/or burning
in) a semiconductor device having two parallel rows of
bond pads (contact points). The interconnection ele-
ments can be arranged to have other tip patterns, for
making contact to electronic components having other
contact point patterns, such as arrays.
[0126] Generally, throughout the embodiments dis-
closed herein, although only one interconnection ele-
ment may be shown, the invention is applicable to fab-
ricating a plurality of interconnection components and
arranging the plurality of interconnection elements in a
prescribed spatial relationship with one another, such
as in a peripheral pattern or in a rectangular array pat-
tern.

USE OF SACRIFICIAL SUBSTRATES

[0127] The mounting of interconnection elements di-
rectly to terminals of electronic components has been
discussed hereinabove. Generally speaking, the inter-
connection elements of the present invention can be
fabricated upon, or mounted to, any suitable surface of
any suitable substrate, including sacrificial substrates.
[0128] Attention is directed to the PARENT CASE,
which describes, for example with respect to Figures
11A-11F fabricating a plurality of interconnection struc-
tures (e.g., resilient contact structures) as separate and
distinct structures for subsequent mounting to electronic
components, and which describes with respect to Fig-
ures 12A-12C mounting a plurality of interconnection el-
ements to a sacrificial substrate (carrier) then transfer-
ring the plurality of interconnection elements en masse
to an electronic component.
[0129] Figures 2D-2F illustrate a technique for fabri-
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cating a plurality of interconnection elements having
preformed tip structures, using a sacrificial substrate.
[0130] Figure 2D illustrates a first step of the tech-
nique 250, in which a patterned layer of masking mate-
rial 252 is applied onto a surface of a sacrificial substrate
254. The sacrificial substrate 254 may be of thin (1-10
mil) copper or aluminum foil, by way of example, and
the masking material 252 may be common photoresist.
The masking layer 252 is patterned to have a plurality
(three of many shown) of openings at locations 256a,
256b, 256c whereat it is desired to.fabricate intercon-
nection elements. The locations 256a, 256b and 256c
are, in this sense, comparable to the terminals of an
electronic component. The locations 256a, 256b and
256c are preferably treated at this stage to have a rough
or featured surface texture. As shown, this may be ac-
complished mechanically with an embossing tool 257
forming depressions in the foil 254 at the locations 256a,
256b and 256c. Alternatively, the surface of the foil at
these locations can be chemically etched to have a sur-
face texture. Any technique suitable for effecting this
general purpose is within the scope of this invention, for
example sand blasting, peening and the like.
[0131] Next, a plurality (one of many shown) of con-
ductive tip structures 258 are formed at each location
(e.g., 256b), as illustrated by Figure 2E. This may be
accomplished using any suitable technique, such as
electroplating, and may include tip structures having
multiple layers of material. For example, the tip structure
258 may have a thin (e.g., 10 - 100 microinch) barrier
layer of nickel applied onto the sacrificial substrate, fol-
lowed by a thin (e.g., 10 microinch) layer of soft gold,
followed by a thin (e.g. , 20 microinch) layer of hard gold,
followed by a relatively thick (e.g., 200 microinch) layer
of nickel, followed by a final thin (e.g., 100 microinch)
layer of soft gold. Generally, the first thin barrier layer of
nickel is provided to protect the subsequent layer of gold
from being "poisoned" by the material (e.g., aluminum,
copper) of the substrate 254, the relatively thick layer of
nickel is to provide strength to the tip structure, and the
final thin layer of soft gold provides a surface which is
readily bonded to. The invention is' not limited to any
particulars of how the tip structures are formed on the
sacrificial substrate, as these particulars would inevita-
bly vary from application-to-application.
[0132] As illustrated by Figure 2E, a plurality (one of
many shown) of cores 260 for interconnection elements
may be formed on the tip structures 258, such as by any
of the techniques of bonding a soft wire core to a termi-
nal of an electronic component described hereinabove.
The cores 260 are then overcoated with a preferably
hard material 262 in the manner described hereinabove,
and the masking material 252 is then removed, resulting
in a plurality (three of many shown) of free-standing in-
terconnection elements 264 mounted to a surface of the
sacrificial substrate, as illustrated by Figure 2F.
[0133] In a manner analogous to the overcoat mate-
rial covering at least the adjacent area of a terminal

(214) described with respect to Figure 2A, the overcoat
material 262 firmly anchors the cores 260 to their re-
spective tip structures 258 and, if desired, imparts resil-
ient characteristics to the resulting interconnection ele-
ments 264. As noted in the PARENT CASE, the plurality
of interconnection elements mounted to the sacrificial
substrate may be gang-transferred to terminals of an
electronic component. Alternatively, two widely diver-
gent paths may be taken.
[0134] It is within the scope of this invention that a sil-
icon wafer can be used as the sacrificial substrate upon
which tip structures are fabricated, and that tip struc-
tures so fabricated may be joined (e.g., soldered,
brazed) to resilient contact structures which already
have been mounted to an electronic component. Further
discussion of these techniques are found in Figures 8A-
8E, hereinbelow.
[0135] As illustrated by Figure 2G, the sacrificial sub-
strate 254 may simply be removed, by any suitable proc-
ess such as selective chemical etching. Since most se-
lective chemical etching processes will etch one mate-
rial at a much greater rate than an other material, and
the other material may slightly be etched in the process,
this phenomenon is.advantageously employed to re-
move the thin barrier layer of nickel in the tip structure
contemporaneously with removing the sacrificial sub-
strate. However, if need be, the thin nickel barrier layer
can be removed in a subsequent etch step. This results
in a plurality (three of many shown) of individual, dis-
crete, singulated interconnection elements 264, as indi-
cated by the dashed line 266, which may later be mount-
ed (such as by soldering or brazing) to terminals on elec-
tronic components.
[0136] It bears mention that the overcoat material may
also be slightly thinned in the process of removing the
sacrificial substrate and/or the thin barrier layer. How-
ever, it is preferred that this not occur.
[0137] To prevent thinning of the overcoat, it is pre-
ferred that a thin layer of gold or, for example, approxi-
mately 10 microinches of soft gold applied over approx-
imately 20 microinches of hard gold, be applied as a final
layer over the overcoat material 262. Such an outer lay-
er of gold is intended primarily for its superior conduc-
tivity, contact resistance, and solderability, and is gen-
erally highly impervious to most etching solutions con-
templated to be used to remove the thin barrier layer
and the sacrificial substrate.
[0138] Alternatively, as illustrated by Figure 2H, prior
to removing the sacrificial substrate 254, the plurality
(three of many shown) of interconnection elements 264
may be "fixed" in a desired spatial relationship with one
another by any suitable support structure 266, such as
by a thin plate having a plurality of holes therein, where-
upon the sacrificial substrate is removed. The support
structure 266 may be of a dielectric material, or of a con-
ductive material overcoated with a dielectric material.
Further processing steps (not illustrated) such as
mounting the plurality of interconnection elements to an
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electronic component such as a silicon wafer or a print-
ed circuit board may then proceed. Additionally, in some
applications, it may be desireable to stabilize the tips
(opposite the tip structures) of the interconnection ele-
ments 264 from moving, especially when contact forces
are applied thereto. To this end, it may also be desirable
to constrain movement of the tips of the interconnection
elements with a suitable sheet 268 having a plurality of
holes, such as a mesh formed of a dielectric material.
[0139] A distinct advantage of the technique 250 de-
scribed hereinabove is that tip structures (258) may be
formed of virtually any desired material and having vir-
tually any desired texture. As mentioned hereinabove,
gold is an example of a noble metal that exhibits excel-
lent electrical characteristics of electrical conductivity,
low contact resistance, solderability, and resistance to
corrosion. Since gold is also malleable, it is extremely
well-suited to be a final overcoat applied over any of the
interconnection elements described herein, particularly
the resilient interconnection elements described herein.
Other noble metals exhibit similar desirable character-
istics. However, certain materials such as rhodium
which exhibit such excellent electrical characteristics
would generally be inappropriate for overcoating an en-
tire interconnection element. Rhodium, for example, is
notably brittle, and would not perform well as a final
overcoat on a resilient interconnection element. In this
regard, techniques exemplified by the technique 250
readily overcome this limitation. For example, the first
layer of a multi-layer tip structure (see 258) can be rho-
dium (rather than gold, as described hereinabove),
thereby exploiting its superior electrical characteristics
for making contact to electronic components without
having any impact whatsoever on the mechanical be-
havior of the resulting interconnection element.
[0140] Figure 2I illustrates an alternate embodiment
270 for fabricating interconnection elements. In this em-
bodiment, a masking material 272 is applied to the sur-
face of a sacrificial substrate 274, and is patterned to
have a plurality (one of many shown) of openings 276,
in a manner similar to the technique described herein-
above with respect to Figure 2D. The openings 276 de-
fine areas whereat interconnection elements will be fab-
ricated as free-standing structures. (As used throughout
the descriptions set forth herein, an interconnection el-
ement is "free-standing" when is has a one end bonded
to a terminal of an electronic component or to an area
of a sacrificial substrate, and the opposite end of the
interconnection element is not bonded to the electronic
component or sacrificial substrate.)
[0141] The area within the opening may be textured,
in any suitable manner, such as to have one or more
depressions, as indicated by the single depression 278
extending into the surface of the sacrificial substrate
274.
[0142] A core (wire stem) 280 is bonded to the surface
of the sacrificial substrate within the opening 276, and
may have any suitable shape. In this illustration, only a

one end of one interconnection element is shown, for
illustrative clarity. The other end (not shown) may be at-
tached to an electronic component . It may now readily
be observed that the technique 270 differs from the
aforementioned technique 250 in that the core 280 is
bonded directly to the sacrificial substrate 274, rather
than to a tip structure 258. By way of example, a gold
wire core (280) is readily bonded, using conventional
wirebonding techniques, to the surface of an aluminum
substrate (274).
[0143] In a next step of the process (270), a layer 282
of gold is applied (e.g., by plating) over the core 280 and
onto the exposed area of the substrate 274 within the
opening 276, including within the depression 278. The
primary purpose of this layer 282 is to form a contact
surface at the end of the resulting interconnection ele-
ment (i.e., once the sacrificial substrate is removed).
[0144] Next, a layer 284 of a relatively hard material,
such as nickel, is applied over the layer 282. As men-
tioned hereinabove, one primary purpose of this layer
284 is to impart desired mechanical characteristics (e.
g., resiliency) to the resulting composite interconnection
element. In this embodiment, another primary purpose
of the layer 284 is to enhance the durability of the contact
surface being fabricated at the lower (as viewed) end of
the resulting interconnection element. A final layer of
gold (not shown) may be applied over the layer 284, to
enhance the electrical characteristics of the resulting in-
terconnection element.
[0145] In a final step, the masking material 272 and
sacrificial substrate 274 are removed, resulting in either
a plurality of singulated interconnection elements (com-
pare Figure 2G) or in a plurality of interconnection ele-
ments having a predetermined spatial relationship with
one another (compare Figure 2H).
[0146] This embodiment 270 is exemplary of a tech-
nique for fabricating textured contact tips on the ends of
interconnection elements. In this case, an excellent ex-
ample of a "gold over nickel" contact tip has been de-
scribed. It is, however, within the scope of the invention
that other analogous contact tips could be fabricated at
the ends of interconnection elements, according to the
techniques described herein. Another feature of this em-
bodiment 270 is that the contact tips are constructed en-
tirely atop the sacrificial substrate (274), rather than
within the surface of the sacrificial substrate (254) as
contemplated by the previous embodiment 250.

INTERPOSERS, GENERALLY

[0147] The techniques described hereinabove gener-
ally set forth a novel technique for fabricating composite
interconnection elements, the physical characteristics
of which are readily tailored to exhibit a desired degree
of resiliency.
[0148] Generally, the composite interconnection ele-
ments of the present invention are readily mounted to
(or fabricated upon) a substrate which will function as
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an interposer, disposed between and interconnecting
two electronic components, one of the two electronic
components disposed on each side of the interposer.
The fabrication and use of the composite interconnec-
tion elements in interposers is discussed, in detail, in
the aforementioned commonly-owned, copending U.S.
Patent Application No. 08/526,426.
[0149] The techniques described hereinabove gener-
ally set forth a novel technique for fabricating composite
interconnection elements, the physical characteristics
of which are readily tailored to exhibit a desired degree
of resiliency, and the ability to fabricate interposers us-
ing such composite interconnection elements.
[0150] Generally, the composite interconnection ele-
ments of the present invention are readily mounted to
(or fabricated upon) a substrate in a manner in which
the tips of the interconnection elements are arranged to
make contact with selected areas (e.g., bond pads) of
semiconductor devices.
[0151] The PARENT CASE discloses various tech-
niques for probing semiconductor devices.
[0152] The subject of using the interconnection ele-
ments of the invention in interposers has been men-
tioned hereinabove. Generally, as used herein, an "in-
terposer" is a substrate having contacts on two opposite
surfaces thereof, disposed between two electronic com-
ponents to interconnect the two electronic components.
Often, it is desirable that the interposer permit at least
one of the two interconnected electronic components to
be removed (e.g., for replacement, upgrading, and the
like).

INTERPOSER EMBODIMENT #1

[0153] Figure 3A illustrates an embodiment 300 of an
interposer, using the interconnection elements of the in-
vention. Generally, an insulating substrate 302, such as
a PCB-type substrate, is provided with a plurality (two
of many shown) of electrically conductive through holes
(e.g., plated vias) 306, 308, or the like, each having con-
ductive portions exposed on the top (upper) 302a and
bottom (lower) 302b surfaces of the insulating substrate
302.
[0154] A pair of soft cores 311 and 312 are attached
to the exposed portion of the through hole 306 on the
top surface 302a of the substrate 302. A pair of soft
cores 313 and 314 are attached to the exposed portion
of the through hole 306 on the bottom surface of the sub-
strate 302. Similarly, a pair of soft cores 315 and 316
are attached to the exposed portion of the through hole
308 on the top surface of the substrate 302, and a pair
of soft cores 317 and 318 are attached to the exposed
portion of the through hole 308 on the bottom surface of
the substrate 302. The cores 311..318 are then over-
coated with a hard material 320 to form interconnect
structures 322 and 324 on the top surface 302a of the
substrate 302 and to form interconnect structures 326
and 328 on the bottom surface 302b of the substrate

302. In this manner, the individual cores 311..318 are
securely anchored to the respective exposed portions
of the through holes, the interconnecting structure 322
is electrically connected to the interconnecting structure
326, and the interconnecting structure 324 is electrically
connected to the interconnecting structure 328. It will be
understood that by providing each interconnecting
structure (e.g., 322) as a pair of interconnecting ele-
ments (e.g., 311, 312), that more reliable connections
to external components (not shown) are effected (i.e.,
than with single interconnecting elements).
[0155] As is shown, the top group of interconnection
elements 311, 312, 315 and 316 are all formed with the
same shape, and the bottom group of interconnection
elements all have the same shape. It should be under-
stood that the bottom group of interconnection elements
can be provided with a shape which is different than the
top group of interconnection elements, which would pro-
vide the opportunity to create interconnecting structures
extending from the top surface of the insulating sub-
strate having dissimilar mechanical characteristics from
the interconnecting structures extending from the bot-
tom surface of the substrate.

INTERPOSER EMBODIMENT #2

[0156] Figure 3B illustrates another embodiment 330
of an interposer using the interconnection elements of
the invention. In this embodiment, a plurality (one of
many shown) of interconnection elements 332 are fab-
ricated in a desired pattern (e.g., an array) on a sacrifi-
cial substrate (not shown). A support substrate 334 is
provided with a like plurality of holes 336 in a corre-
sponding pattern. The support substrate 334 is placed
over the interconnection elements 332 so that the inter-
connection elements 332 extend through the holes 336.
The interconnection elements 332 are loosely held with-
in the support substrate by a suitable material 338 (such
as an elastomer) filling the holes 336, and extend from
both the top and bottom surfaces of the support sub-
strate. The sacrificial substrate is then removed. Evi-
dently, the support substrate 334 (compare 266) can
simply be "dropped" onto a plurality of interconnection
elements (compare 264) which are mounted to a sacri-
ficial substrate (254) in the process of fabricating this
interposer assembly.

INTERPOSER EMBODIMENT #3

[0157] Figure 3C illustrates another embodiment 360
of an interposer using the interconnection elements of
the invention. This embodiment 360 is similar to the pre-
viously-described embodiment 330, with the exception
that the interconnect structure 362 (compare 332) is
supported within the holes 366 (compare 336) of the
support substrate 364 (compare 334) by soldering mid-
dle portions of the interconnection structures 362 to plat-
ing 368 on the through holes 366 the support substrate.
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Again, the support substrate 364 (compare 266) can
simply be "dropped" onto a plurality of interconnection
elements (compare 264) which are mounted to a sacri-
ficial substrate (254) in the process of fabricating this
interposer assembly.
[0158] Figures 3B and 3C are illustrative of the fact
that a single interconnection element (332, 362) can be
used to effect a single connection of respective termi-
nals of two electronic components. It should be under-
stood, and is within the scope of this invention, that any
conductive element could be used in lieu of the inter-
connection element of the present invention, as illustrat-
ed by Figures 3B and 3C.
[0159] It should be understood that, in the interposer
embodiments of Figures 3A, 3B and 3C, electronic
components (not shown) would be disposed on both
sides of the interposer (300, 330, 360) in order that the
interposer make electrical connection between termi-
nals (not shown) thereof.

FORMING INTERCONNECTION ELEMENTS FROM
SHEETS

[0160] The discussion hereinabove has focused
mainly on forming interconnection elements from soft
wire cores which are shaped and overcoated with a hard
material. The present invention is also applicable to
forming interconnection elements which are formed of
soft metal sheets which are patterned (such as by
stamping or etching), into flat elongate elements (tabs,
ribbons) and overcoated with a hard material. This sub-
ject is elaborated upon in the aforementioned U.S. Pat-
ent Application No. 08/526,246.

SPACE TRANSFORMER

[0161] Figures 3A-3C, set forth immediately herein-
above, describe interposers and techniques for making
same, as are applicable (suitable) to the present inven-
tion. Although, in the main, the composite interconnec-
tion elements of the present invention have been dis-
cussed, it should clearly be understood that any resilient
interconnection element (spring) can be employed, in-
cluding spring structures made of monolithic materials
that are inherently springy made of phosphor bronze
and beryllium copper.
[0162] "Space transforming" (sometimes referred to
as "pitch spreading") is an important concept applicable
to the present invention. Simply stated, it is important
that the tips of the resilient contact structures be more
closely spaced to one another (relatively fine pitch) than
connections to their bases. As illustrated in Figure 2C,
discussed hereinabove, this can be accomplished by
shaping and orienting the individual spring elements
(251..256) to converge upon one another, resulting in a
tendency for the individual resilient contact structures to
have dissimilar lengths. Generally, in the context of a
probe card assembly, it is very important for all of the

probe elements (resilient contact structures) to have the
same length as one another, to ensure constancy in the
plurality of signal paths involved.
[0163] Figure 4 illustrates an exemplary design of a
space transformer 400, according to the present inven-
tion, wherein the desired space-transforming is accom-
plished by the substrate 402 of the space transformer
rather than in the shaping of the individual resilient con-
tact structures (not shown) attached thereto.
[0164] The space transformer substrate 402 has a top
(as viewed) surface 402a and a bottom (as viewed) sur-
face 402b, and is preferably formed as a multi-layer
component having alternating layers of insulating mate-
rial (e.g., ceramic) and conductive material. In this ex-
ample, one wiring layer is shown as including two (of
many) conductive traces 404a and 404b.
[0165] A plurality (two of many shown) of terminals
406a and 406b are disposed on the top surface 402a of
the space transformer substrate 402 at a relatively fine
pitch (relatively close to one another). A plurality (two of
many shown) of terminals 408a and 408b are disposed
on the bottom surface 402b of the space transformer
substrate 402 at a relatively coarse pitch (relative to the
terminals 406a and 406b, further apart from one
another) . For example, the bottom terminals 408a and
408b may be disposed at a 50-100 mil pitch (compara-
ble to printed circuit board pitch constraints), and the top
terminals 406a and 406b may be disposed as a 5-10 mil
pitch (comparable to the center-to-center spacing of
semiconductor die bond pads), resulting in a 10:1 pitch-
transformation. The top terminals 406a and 406b are
connected to the corresponding bottom terminals 408a
and 408b, respectively, by associated conductors 410a/
412a and 410b/412b, respectively, connecting the ter-
minals to the conductive traces 404a and 404b, respec-
tively. This is all generally well known, in the context of
multi-layer land grid array (LGA) support substrates,
and the like.

PROBE CARD ASSEMBLY

[0166] Figure 5 illustrates an embodiment of a probe
card assembly 500 which includes as its major function-
al components a probe card 502, an interposer 504 and
a space transformer 506, and which is suitable in use
for making temporary interconnections to a semicon-
ductor wafer 508. In this exploded, cross-sectional view,
certain elements of certain components are shown ex-
aggerated, for illustrative clarity. However, the vertical
(as shown) alignment of the various components is
properly indicated by the dashed lines in the figure. It
should be noted that the interconnection elements (514,
516, 524, discussed in greater detail hereinbelow) are
shown in full, rather than in section.
[0167] The probe card 502 is generally a conventional
circuit board substrate having a plurality (two of many
shown) of contact areas (terminals) 510 disposed on the
top (as viewed) surface thereof. Additional components
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(not shown) may be mounted to the probe card, such as
active and passive electronic components, connectors,
and the like. The terminals 510 on the circuit board may
typically be arranged at a 100 mil pitch (pitch is defined
hereinabove). The probe card 502 is suitably round,
having a diameter on the order of 12 inches.
[0168] The interposer 504 includes a substrate 512
(compare the substrate 302). In the manner described
hereinabove, a plurality (two of many shown) of resilient
interconnection elements 514 are mounted (by their
proximal ends) to and extend downward (as viewed)
from the bottom (as viewed) surface of the substrate
512, and a corresponding plurality (two of many shown)
of resilient interconnection elements 516 are mounted
(by their proximal ends) to and extend upward (as
viewed) from the top (as viewed) surface of the sub-
strate 512. Any of the aforementioned spring shapes are
suitable for the resilient interconnection elements 514
and 516, which are preferably the composite intercon-
nection elements of the present invention. As a general
proposition, the tips (distal ends) of both the lower plu-
rality 514 and of the upper plurality 516 of interconnec-
tion elements 514 and 516 are at a pitch which matches
that of the terminals 510 of the probe card 502, for ex-
ample 100 mils.
[0169] The interconnection elements 514 and 516 are
illustrated with exaggerated scale, for illustrative clarity.
Typically, the interconnection elements 514 and 516
would extend to an overall height of 20-100 mils from
respective bottom and top surfaces of the interposer
substrate 512. Generally, the height of the interconnec-
tion elements is dictated by the amount of compliance
desired.
[0170] The space transformer 506 includes a suitable
circuitized substrate 518 (compare 402, described here-
inabove), such as a multi-layer ceramic substrate hav-
ing a plurality (two of many shown) of terminals (contact
areas, pads) 520 disposed on the lower (as viewed) sur-
face thereof and a plurality (two of many shown) of ter-
minals (contact areas, pads) 522 disposed on the upper
(as viewed) surface thereof. In this example, the lower
plurality of contact pads 520 is disposed at the pitch of
the tips of the interconnection elements 516 (e.g., 100
mils), and the upper plurality of contact pads 522 is dis-
posed at a finer (closer) pitch (e.g., 50 mils). These re-
silient interconnection 514 and 516 elements are pref-
erably, but not necessarily, the composite interconnec-
tion elements of the present invention (compare 210,
hereinabove).
[0171] A plurality (two of many shown) of resilient in-
terconnection elements 524 ("probes", "probe ele-
ments") are mounted (by their proximal ends) directly (i.
e., without the intermediary of additional materials such
as wires connecting the probe elements to the terminals,
or brazing or soldering the probe elements to the termi-
nals) to the terminals (contact pads) 522 and extend up-
ward (as viewed) from the top (as viewed) surface of the
space transformer substrate 518. As illustrated, these

resilient interconnection elements 524 are suitably ar-
ranged so that their tips (distal ends) are spaced at an
even finer pitch (e.g., 10 mils) than their proximal ends,
thereby augmenting the pitch reduction of the space
transformer 506. These resilient contact structures (in-
terconnection elements) 524 are preferably, but not nec-
essarily, the composite interconnection elements of the
present invention (compare 210, hereinabove).
[0172] It is within the scope of the invention that the
probe elements (524) can be fabricated on a sacrificial
substrate (compare Figures 2D-2F) and subsequently
individually mounted (compare Figure 2G) or gang-
transferred (compare Figure 2H) to the terminals (522)
of the space transformer component (506).
[0173] As is known, a semiconductor wafer 508 in-
cludes a plurality of die sites (not shown) formed by pho-
tolithography, deposition, diffusion, and the like, on its
front (lower, as viewed) surface. Typically, these die
sites are fabricated to be identical to one another. How-
ever, as is known, flaws in either the wafer itself or in
any of the processes to which the wafer is subjected to
form the die sites, can result in certain die sites being
non-functional, according to well established test crite-
ria. Often, due to the difficulties attendant probing die
sites prior to singulating semiconductor dies from a sem-
iconductor wafer, testing is performed after singulating
and packaging the semiconductor dies. When a flaw is
discovered after packaging the semiconductor die, the
net loss is exacerbated by the costs attendant to pack-
aging the die. Semiconductor wafers typically have a di-
ameter of at least 6 inches, including at least 8 inches.
[0174] Each die site typically has a number of contact
areas (e.g., bond pads), which may be disposed at any
location and in any pattern on the surface of the die site.
Two (of many) bond pads 526 of a one of the die sites
are illustrated in the figure.
[0175] A limited number of techniques are known for
testing the die sites, prior to singulating the die sites into
individual semiconductor dies . A representative prior
art technique involves fabricating a probe card insert
having a plurality of tungsten "needles" embedded in
and extending from a ceramic substrate, each needle
making a temporary connection to a given one of the
bond pads. Such probe card inserts are expensive and
somewhat complex to manufacture, resulting in their rel-
atively high cost and in a significant lead time to obtain.
Given the wide variety of bond pad arrangements that
are possible in semiconductor dies, each unique ar-
rangement requires a distinct probe card insert.
[0176] The rapidity with which unique semiconductor
dies are manufactured highlights the urgent need for
probe card inserts that are simple and inexpensive to
manufacture, with a short turnaround time. The use of
an interposer (504), and a space transformer (506) as
a probe card insert, squarely addresses this compelling
need.
[0177] In use, the interposer 504 is disposed on the
top (as viewed) surface of the probe card 502, and the
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space transformer 506 is stacked atop (as viewed) the
interposer 504 so that the interconnection elements 514
make a reliable pressure contact with the contact termi-
nals 510 of the probe card 502, and so that the intercon-
nection elements 516 make a reliable pressure contact
with the contact pads 520 of the space transformer 506.
Any suitable mechanism for stacking these components
and for ensuring such reliable pressure contacts may
be employed, a suitable one of which is described here-
inbelow.
[0178] The probe card assembly 500 includes the fol-
lowing major components for stacking the interposer
506 and the space transformer 506 onto the probe card
502:

a rear mounting plate 530 made of a rigid material
such as stainless steel,
an actuator mounting plate 532 made of a rigid ma-
terial such as stainless steel,
a front mounting plate 534 made of a rigid material
such as stainless steel,
a plurality (two of many shown, three is preferred)
of differential screws including an outer differential
screw element 536 and an inner differential screw
element 538,
a mounting ring 540 which is preferably made of a
springy material such as phosphor bronze and
which has a pattern of springy tabs (not shown) ex-
tending therefrom,
a plurality (two of many shown) of screws 542 for
holding the mounting ring 538 to the front mounting
plate 534 with the space transformer 506 captured
therebetween,
optionally, a spacer ring 544 disposed between the
mounting ring 540 and the space transformer 506
to accommodate manufacturing tolerances, and
a plurality (two of many shown) of pivot spheres 546
disposed atop (as viewed) the differential screws (e.
g., atop the inner differential screw element 538).

[0179] The rear mounting plate 530 is a metal plate
or ring (shown as a ring) disposed on the bottom (as
shown) surface of the probe card 502. A plurality (one
of many shown) of holes 548 extend through the rear
mounting plate.
[0180] The actuator mounting plate 532 is a metal
plate or ring (shown as a ring) disposed on the bottom
(as shown) surface of the rear mounting plate 530. A
plurality (one of many shown) of holes 550 extend
through the actuator mounting plate. In use, the actuator
mounting plate 532 is affixed to the rear mounting plate
530 in any suitable manner, such as with screws (omit-
ted from the figure for illustrative clarity) .
[0181] The front mounting plate 534 is a rigid, prefer-
ably metal ring. In use, the front mounting plate 534 is
affixed to the rear mounting plate 530 in any suitable
manner, such as with screws (omitted from the figure for
illustrative clarity) extending through corresponding

holes (omitted from the figure for illustrative clarity)
through the probe card 502, thereby capturing the probe
card 502 securely between the front mounting plate 534
and rear mounting plate 530.
[0182] The front mounting plate 534 has a flat bottom
(as viewed) surface disposed against the top (as
viewed) surface of the probe card 502. The front mount-
ing plate 534 has a large central opening therethrough,
defined by an inner edge 552 the thereof, which is sized
to permit the plurality of contact terminals 510 of the
probe card 502 to reside within the central opening of
the front mounting plate 534, as shown.
[0183] As mentioned, the front mounting plate 534 is
a ring-like structure having a flat bottom (as viewed) sur-
face. The top (as viewed) surface of the front mounting
plate 534 is stepped, the front mounting plate being
thicker (vertical extent, as viewed) in an outer region
thereof than in an inner region thereof . The step, or
shoulder is located at the position of the dashed line (la-
belled 554) , and is sized to permit the space transform-
er 506 to clear the outer region of the front mounting
plate and rest upon the inner region of the front mounting
plate 534 (although, as will be seen, the space trans-
former actually rests upon the pivot spheres 546).
[0184] A plurality (one of many shown) of holes 554
extend into the outer region of the front mounting plate
534 from the top (as viewed) surface thereof at least par-
tially through the front mounting plate 534 (these holes
are shown extending only partially through the front
mounting plate 534 in the figure) which, as will be seen,
receive the ends of a corresponding plurality of the
screws 542. To this end, the holes 554 are threaded
holes. This permits the space transformer 506 to be se-
cured to the front mounting plate by the mounting ring
540, hence urged against the probe card 502.
[0185] A plurality (one of many shown) of holes 558
extend completely through the thinner, inner region of
the front mounting plate 534, and are aligned with a plu-
rality (one of many shown) of corresponding holes 560
extending through the probe card 502 which, in turn, are
aligned with the holes 548 in the rear mounting plate
and the holes 550 in the actuator mounting plate 538.
[0186] The pivot spheres 546 are loosely disposed
within the aligned holes 558 and 560, at the top (as
viewed) end of the inner differential screw elements 538.
The outer differential screw elements 536 thread into the
(threaded) holes 550 of the actuator mounting plate 532,
and the inner differential screw elements 538 thread into
a threaded bore of the outer differential screw elements
536. In this manner, very fine adjustments can be made
in the positions of the individual pivot spheres 546. For
example, the outer differential screw elements 536 have
an external thread of 72 threads-per-inch, and the inner
differential screw elements 538 have an external thread
of 80 threads-per inch. By advancing an outer differen-
tial screw element 536 one turn into the actuator mount-
ing plate 532 and by holding the corresponding inner
differential screw element 538 stationary (with respect
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to the actuator mounting plate 532), the net change in
the position of the corresponding pivot sphere 546 will
be 'plus' 1/72 (0.0139) 'minus' 1/80 (0.0125) inches, or
0.0014 inches. This permits facile and precise adjust-
ment of the planarity of the space transformer 506 vis-
a-vis the probe card 502. Hence, the positions of the tips
(top ends, as viewed) of the probes (interconnection el-
ements) 524 can be changed, without changing the ori-
entation of the probe card 502. The importance of this
feature, a technique for performing alignment of the tips
of the probes, and alternate mechanisms (means) for
adjusting the planarity of the space transformer are dis-
cussed in greater detail hereinbelow, with respect to
Figure 7. Evidently, the interposer 504 ensures that
electrical connections are maintained between the
space transformer 506 and the probe card 502 through-
out the space transformer's range of adjustment, by vir-
tue of the resilient or compliant contact structures dis-
posed on the two surfaces of the interposer.
[0187] The probe card assembly 500 is simply assem-
bled by placing the interposer 504 within the opening
552 of the front mounting plate 534 so that the tips of
the interconnection elements 514 contact the contact
terminals 510 of the probe card 502, placing the space
transformer 506 on top of the interposer 504 so that the
tips of the interconnection elements 516 contact the
contact pads 520 of the space transformer 506, option-
ally placing a spacer 544 atop the space transformer
506, placing the mounting ring 540 over the spacer 544,
and inserting the screws 542 through the mounting ring
540 through the spacer 544 and into the holes 554 of
the front mounting plate 534, and mounting this "sub-
assembly" to the probe card 502 by inserting screws
(one shown partially as 555) through the rear mounting
plate 530 and through the probe card 502 into threaded
holes (not shown) in the bottom (as viewed) surface of
the front mounting plate 534. The actuator mounting
plate 538 can then be assembled (e.g., with screws, on
of which is shown partially as 556) to the rear mounting
plate 530, pivot spheres 560 dropped into the holes 550
of the actuator mounting plate 532, and the differential
screw elements 536 and 538 inserted into the holes 550
of the actuator mounting plate 532.
[0188] In this manner, a probe card assembly is pro-
vided having a plurality of resilient contact structures
(524) extending therefrom for making contact with a plu-
rality of bond pads (contact areas) on semiconductor
dies, prior to their singulation from a semiconductor wa-
fer, at a fine pitch which is commensurate with today's
bond pad spacing. Generally, in use, the assembly 500
would be employed upside down from what is shown in
the figure, with the semiconductor wafer being pushed
(by external mechanisms, not shown) up onto the tips
of the resilient contact structures (524).
[0189] As is evident from the figure, the front mounting
plate (baseplate) 534 determined the position of the in-
terposer 504 vis-a-vis the probe card 502. To ensure ac-
curate positioning of the front mounting plate 534 vis-a-

vis the probe card 502, a plurality of alignment features
(omitted from the figure for illustrative clarity) such as
pins extending from the front mounting plate) and holes
extending into the probe card 502 may be provided.
[0190] It is within the scope of this invention that any
suitable resilient contact structures (514, 516, 524) be
employed on the interposer (504) and/or the space
transformer (506), including tabs (ribbons) of phosphor
bronze material or the like brazed or soldered to contact
areas on the respective interposer or space transformer.
[0191] It is within the scope of this invention that the
interposer (504) and the space transformer (506) can
be preassembled with one another, such as with spring
clips, described as element 486 of Figure 29 of the
aforementioned copending, commonly-owned PCT/
US94/13373, extending from the interposer substrate.
[0192] It is within the scope of this invention that the
interposer (504) be omitted, and in its stead, a plurality
of resilient contact structures comparable to 514 be
mounted directly to the contact pads (520) on the lower
surface of the space transformer. However, achieving
coplanarity between the probe card and the space trans-
former would be difficult. A principal function of the in-
terposer is to provide compliance to ensure such co-
planarity.
[0193] Figure 5A illustrates, in perspective view, a
suitable space transformer substrate 518 for the probe
card assembly 500 of Figure 5. As shown therein, the
space transformer substrate 518 is suitably a rectangu-
lar solid, having a length "L" a width "W" and a thickness
"T". In this figure, the top surface 518a of the space
transformer substrate 518 is visible, to which the probing
interconnection elements (compare 524) are mounted.
As shown, a plurality (such as several hundred) of con-
tact pads 522 are disposed on the top surface 518a of
the space transformer substrate 518 in a given area
thereof. The given area is indicated by the dashed lines
labelled 570 and, as is evident, the contact pads 522
may be arranged in any suitable pattern within the given
area 570.
[0194] As mentioned hereinabove, the space trans-
former substrate 518 is suitably formed as a multi-layer
ceramic substrate, having alternating layers of ceramic
and patterned conductive material.

The fabrication of such multi-layer ceramic sub-
strates is well known and is employed, for example, in
the manufacture of Land Grid Array (LGA) semiconduc-
tor packages. By appropriately routing the patterned
conductive material within such a multi-layer substrate,
it is simple and straightforward to dispose contact pads
(not visible in this view, compare 520) on the bottom sur-
face (not visible in this view) of the substrate 518 at a
pitch which is different than (e.g. , larger than) the pitch
of the contact pads 522 on the top surface 518a of the
substrate 518, and to connect the contact pads 520 with
the contact pads 522 to one another internally within the
substrate 518. Achieving a pitch of approximately 10
mils between the contact pads 522 on such a substrate
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is very feasible.
[0195] Figure 5A illustrates a preferred feature of the
space transformer substrate 518. As mentioned, the
substrate 518 is a rectangular solid having a top surface
518a, a bottom surface (hidden from view in this figure),
and four side edges 518b, 518c, 518d and 518e. As is
shown, notches 572b, 572c, 572d and 572e are provid-
ed along the intersections of the respective side edges
518b, 518c, 518d and 518e and the top surface 518a of
the substrate 518 along nearly the entire length (exclu-
sive of the corners) of the respective side edges 518b..
518e. These notches 572b..572e generally facilitate the
manufacture of the space transformer substrate 518 as
a multi-layer ceramic structure, and are also visible in
the illustration of Figure 5. It should be understood that
the notches are not a necessity. Evidently, since the four
corners of the substrate 518 are not notched (which is
basically dictated by the process of making a ceramic,
multilayer substrate), the mounting plate (540 of Figure
5) must evidently accommodate these corner "fea-
tures".
[0196] Figure 5B illustrates an embodiment of a
space transformer substrate 574 which is comparable
to the space transformer substrate 518 of the previous
illustration, and which can similarly be employed in the
probe card assembly 500 of Figure 5. In this case, a
plurality (four of many shown) of areas 570a, 570b, 570c
and 570d are defined, within each of which a plurality of
contact pads 522a, 522b, 522c can readily be disposed
in any desired pattern. It is generally intended that the
spacing of the areas 570a..570d correspond to the
spacing of die sites on a semiconductor wafer so that a
plurality of die sites can simultaneously be probed with
a single "pass" of the probe card. (This is especially use-
ful for probing multiple memory chips resident on a sem-
iconductor wafer.) Typically, the pattern of the contact
pads 522a..522d within the respective areas 570a..
570d of the substrate 574 will be identical to one anoth-
er, although this is not absolutely necessary.
[0197] The illustration of Figure 5B clearly demon-
strates that a single space transformer can be provided
with probe elements for probing (making pressure con-
tacts with) a plurality (e.g., four, as illustrated) of adja-
cent die sites on a semiconductor wafer. This is benefi-
cial in reducing the number of setdowns (steps) required
to probe all of the die sites on a wafer. For example, if
there are one hundred die sites on a wafer, and four sets
of probe elements on the space transformer, the wafer
need only be positioned against the space transformer
twenty-five times (ignoring, for purposes of this exam-
ple, that efficiency at the edge (periphery) of the wafer
would be somewhat attenuated). It is within the scope
of this invention that the arrangement of probe sites (e.
g., 570a..570d), as well as the orientation of the individ-
ual probe elements (e.g., staggered) can be optimized
to minimize the number of touchdowns required to probe
an entire wafer. It is also within the scope of this inven-
tion that the probe elements can be arranged on the sur-

face of the space transformer in a manner that alternate
probe elements make contact with different ones of two
adjacent die sites on the wafer. Given that it is generally
desirable that the probe elements all have the same
overall length, it is evident that the unconstrained man-
ner in which the probe elements can be attached
(mounted) directly to any point on the two-dimensional
surface of the space transformer is superior to any tech-
nique which constrains the location whereat the probe
elements are attached to a probe card (e.g., ring ar-
rangements, as described hereinabove). It is also within
the scope of this invention that a plurality of non-adja-
cent die sites on a wafer could be probed in this manner.
The present invention is particularly beneficial to prob-
ing unsingulated memory devices on a wafer, and is
useful for probing die sites having any aspect ratio.
[0198] Figure 5C illustrates an exemplary layout of
contact pads 520 on the bottom surface of the space
transformer substrate 518, wherein the pads 520 are ar-
ranged in a pattern having a 100 mil pitch, each row of
pads being staggered from the adjacent row of pads,
and each pad having a diameter of approximately 55
mils.
[0199] Figure 6A is a plan view of either of the top or
bottom surfaces of an exemplary interposer substrate
580 (compare 512) , showing an exemplary layout of
conductive areas (not illustrated in Figure 5, compare
Figure 3A) to which the interconnection elements (514,
516) are mounted. Figure 6B is a cross-sectional view
of a portion of the same interposer substrate 580. As
illustrated in Figure 6B, a plurality of plated through
holes 582 extend through the substrate 580, from a one
surface 580a to an opposite surface 580b thereof. The
substrate (board) itself is formed of conventional circuit
board materials, using conventional techniques for fab-
ricating plated through holes. In this example, the "base"
board 584 is initially covered with an extremely thin (e.
g., 100 microinch) "blanket" layer 586 layer of copper.
A layer of photoresist 588 is applied to both surfaces of
the board, and patterned to have openings permitting
the plating up of the through holes 582. The through
holes 582 are plated with an approximately 1 mil thick
layer 590 of copper, over which is deposited a thin (e.
g., at least 100 microinch) barrier layer 592 layer of nick-
el, over which is deposited a thin (e.g., at least 50 mi-
croinch) layer 594 of soft (pure) gold. The photoresist
588 is then removed, and vestiges of the initial extreme-
ly thin layer 586 of copper are removed from areas out-
side of the plated through hole 582. As illustrated in Fig-
ure 6A, the plan view of each contact area formed by a
plated through hole 582 is that of a circular ring, with a
tab extending therefrom. The tab defines the orientation
of the conductive area (pad) of the through hole exposed
(for mounting interconnection elements) on the surface
of the substrate 580. The pads are arranged at a 100
mil pitch, in staggered rows, with their orientations (as
determined by their tabs) reversing at a centerline of the
substrate surface.
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[0200] With regard to the exemplary probe card as-
sembly 500 described hereinabove, the following di-
mensions and materials are exemplary, for a given ap-
plication:

a. the space transformer substrate 518 has a length
(L) of 2.5 inches, a width (W) of 2.5 inches, and a
thickness (T) of 0.25 inches, and has at least three
alternating layers of ceramic and patterned conduc-
tor.
b. The interconnection elements 524 extending
from the space transformer substrate 518 are the
composite interconnection elements of the present
invention, having a gold wire core with a diameter
of 1.0 mils, overcoated by 1.5 mils of nickel, for an
overall diameter of 4.0 mils. The overall height of
the interconnection elements 524 is 40 mils.
c. The interposer substrate 512 is formed of con-
ventional circuit board materials, has side dimen-
sions of 1.850 inches and a thickness of 16 mils.
d. The interconnection elements 514 and 516 ex-
tending from the interposer substrate 512 are the
composite interconnection elements of the present
invention, having a gold wire core with a diameter
of 1.0 mils, overcoated by 1.5 mils of nickel, for an
overall diameter of 4.0 mils. The overall height of
the interconnection elements 524 is 60 mils.

[0201] It is within the scope of the invention, and is
generally preferred, that although the interconnection
elements 514 and 516 are illustrated in Figure 5 as sin-
gle interconnection elements, each illustrated element
is readily implemented as an interconnection structure
having two or more interconnection elements in the
manner described hereinabove with respect to Figure
3A, to ensure that reliable pressure contacts are made
to the respective contact terminals 510 of the probe card
502 and contact pads 520 of the space transformer 506.
[0202] It should clearly be understood that the space
transformer (506, 518, 574) and interposer (504, 580)
can be supplied to an end user as a "kit" (or "subassem-
bly"), in which case the end user would supply the probe
card and associated mounting hardware (e.g., 530, 532,
534, 536, 538, 540, 544).
[0203] Although the invention has been illustrated and
described in detail in the drawings and foregoing de-
scription, the same is to be considered as illustrative and
not restrictive in character - it being understood that only
preferred embodiments have been shown and de-
scribed, and that all changes and modifications that
come within the spirit of the invention are desired to be
protected. Undoubtedly, many other "variations" on the
"themes" set forth hereinabove will occur to one having
ordinary skill in the art to which the present invention
most nearly pertains, and such variations are intended
to be within the scope of the invention, as disclosed
herein. Several of these variations are set forth in the
parent case.

ALIGNING THE PROBE CARD ASSEMBLY

[0204] Figure 7 illustrates a technique 700 of aligning
a probe card assembly such as the probe card assembly
500 of Figure 5. To this end, several of the elements of
the probe card assembly 500 of Figure 5 bear the same
numbering (5xx) in this figure. The view of Figure 7 is
partially assembled, with the major components in con-
tact with one another.
[0205] A problem addressed head on by this invention
is that it is often difficult to align the contact tips of a
probe card (or probe card insert) with respect to a sem-
iconductor wafer being tested. It is essential that toler-
ances on the coplanarity of the tips of the probes and
the surface of the wafer be held to a minimum, to ensure
uniform reliable contact pressure at each the tip 524a
(top ends, as viewed) of each probe (i.e, the resilient
contact structures 524). As discussed hereinabove, a
mechanism (e.g., differential screws 536 and 538) is
provided in the probe card assembly for adjusting the
planarity of the tips 524a of the probes by acting upon
the space transformer 506. In this figure, the space
transformer substrate 506 is illustrated with internal con-
nection between the top terminals and the bottom ter-
minals thereof, in the manner illustrated in Figure 4, de-
scribed hereinabove.
[0206] Prior to employing the probe card assembly to
perform testing on a semiconductor wafer, the alignment
of the probe tips is measured and, if necessary, adjusted
to ensure that the probe tips 524a will be coplanar with
semiconductor wafers that are subsequently presented
to the probe card assembly (i.e., urged against the probe
tips).
[0207] Generally, a wafer tester (not shown) in which
the probe card assembly is mounted, will have a mech-
anism (not shown) for conveying semiconductor wafers
into the region of the probe card assembly and urging
the semiconductor wafers against the probe tips 524a.
To this end, semiconductor wafers are held by a chuck
mechanism (not shown). For purposes of this discus-
sion, it is assumed that the tester and chuck mechanism
are capable of moving wafer-after-wafer into a precise,
repeatable location and orientation - the precise location
of the wafer functioning as a "reference plane".
[0208] According to the invention, in order to align the
tips 524a vis-a-vis the expected orientation of a semi-
conductor wafer, in other words vis-a-vis the reference
plane, a flat electrically-conductive metal plate 702 is
mounted in the tester in lieu of a semiconductor wafer.
The flat metal plate 702 functions as an "ersatz" or "vir-
tual" wafer, for purposes of aligning the tips 524a of the
probes.
[0209] Each probe 524 is associated with a one of a
plurality of terminals (not shown) on the probe card 502,
a conductive path therebetween being constituted by a
selected one of the probes 524, an associated selected
one of the resilient contact structures 516 and an asso-
ciated selected one of the resilient contact structures
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514, and wiring layers (not shown) within the probe card
502. The probe card terminals may be in the form of sur-
face terminals, terminals of a socket, or the like. A cable
704 connects between the probe card 502 and a com-
puter (tester) 706 which has a display monitor 708. The
present invention is not limited to using a computing de-
vice, nor to a display monitor.
[0210] In this example, it is assumed that one hundred
pressure contacts are sought to be effected between
one hundred probe tips 524a arranged in a 10x10 rec-
tangular array and one hundred terminals (e.g., bond
pads) of a semiconductor wafer. The present invention
is not, however, limited to any particular number of probe
tips or any particular layout of bond pads.
[0211] The flat metal plate 702 is carried by the chuck
(not shown) and urged (advanced, as indicated by the
arrow labelled "A") against the probe tips 524a. This is
done in a relatively gradual manner, so that it can be
ascertained whether the probe tips 524a all contact the
flat metal plate in unison (not likely), or whether certain
ones of the probe tips 524a are contacted by the flat
metal plate 702 prior to remaining ones of the probe tips
524a. In the illustration, the seventy-one filled circles
(dots) within the area 710 on the monitor 708 indicate
that seventy-one of the probe tips 524a have been con-
tacted by the flat metal-plate 702 prior to the remaining
twenty-nine of the probe tips 524a (illustrated as empty
circles) having been contacted by the flat metal plate
702. Based on this visual representation, it is evident
that the space transformer 506 (or, possibly, the metal
plate 702) is tilted (canted) to the left (as viewed) down-
wards (out of the page, as viewed), and the orientation
of the space transformer 506 can readily be adjusted by
suitable adjustments of the differential screws 536 and
538.
[0212] The adjustments necessary to achieve the de-
sired goal of planar, simultaneous contact of all of the
tips 524a with the flat metal plate 702, without altering
the orientation of the probe card 502, so that all of the
probe tips 524a make substantially simultaneous con-
tact with the flat metal plate 702 are readily calculated,
either on-line or off-line. By making the calculated ad-
justments, the tips 524a of the probes 524 will subse-
quently make substantially simultaneous contact With
bond pads on semiconductor wafers being tested.
[0213] The "go/no-go" (contact/no contact) type of
testing discussed in the previous paragraph is illustra-
tive of a first "order" of alignment that is facilitated by the
probe card assembly of the present invention. A second
"order" of alignment is readily performed by recording
(e.g., in the computer memory) the sequence (order) in
which the probe element tips contact the metal plate.
The first tip to contact the metal plate generally will gen-
erally represent a corner of the space transformer that
is too "high", and needs to be lowered (e.g., by adjusting
the differential screws). Likewise, the last tip to contact
the metal plate will generally represent a corner of the
space transformer that is too "low", and needs to be

heightened (e.g., by adjusting the differential screws). It
is within the scope of this invention that any suitable al-
gorithm can be employed to determine the adjustments
required to be made, based on the sequence of tips con-
tacting the metal plate. It is also within the scope of this
invention that a resistance (e.g., to ground) between
each probe tip 524a and the flat metal plate 702 can be
measured and displayed as a numeral, or symbol, or dot
color, or the like, indicative of the measured resistance,
rather than merely as a filled circle versus an unfilled
circle on the display monitor, although such is generally
not preferred.
[0214] It is within the scope of this invention that any
suitable mechanism can be employed for adjusting the
orientation of the space transformer 506 - in other
words, planarizing the tips 524a of probes 524. Alterna-
tives to using the differential screws (536, 538) arrange-
ment discussed hereinabove would be to use servo
mechanisms, piezoelectric drivers or actuators, magne-
tostrictive devices, combinations thereof (e.g., for gross
and fine adjustments), or the like to accomplish such
planarizing.
[0215] Figure 7A illustrates an automated technique
750 for adjusting the spatial orientation of the space
transformer (not shown in this view). In this example, an
actuator mechanism 552 (labelled "ACT") is substituted
for the differential screws (536, 538) and operates in re-
sponse to signals from the computer 706. Three such
mechanisms 552 can be substituted for the three pairs
of differential screw elements in a straightforward man-
ner. Similar elements in Figure 7A are labelled with
identical numbers as appear in Figure 7, and several
elements appearing in Figure 7 are omitted from the
view of Figure 7A, for illustrative clarity.
[0216] It is also within the scope of this invention that
the mechanism (particularly an automated mechanism
as illustrated in Figure 7A) for planarizing the space
transformer (506) can be disposed other than as shown
in the exemplary embodiments described herein. For
example, a suitable mechanism could be located be-
tween the top (as viewed) surface of the probe card
(502) and the front mounting plate (534), or incorporated
into the front mounting plate (534). The key feature of
using any of these mechanisms is the ability to alter the
angle (orientation) of the space transformer (e.g., 506)
without requiring the orientation of the probe card (502)
to be altered.

PRE-FABRICATING TIP STRUCTURES FOR THE
PROBE ELEMENTS, PROCESSING PROBE
ELEMENTS, AND JOINING THE TIP STRUCTURES
TO THE PROBE ELEMENTS

[0217] Figures 2D-2F, discussed hereinabove, dis-
close a technique for fabricating tip structures (258) on
a sacrificial substrate (254), and fabricating composite
interconnection elements 264 on the tip structures (258)
for subsequent mounting to terminals of an electronic
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component. Such a technique can certainly be em-
ployed with respect to mounting composite interconnec-
tion elements having fabricated tip structures on the top
surface of the space transformer (518).
[0218] Figure 8A illustrates an alternate technique
800 for fabricating composite interconnection elements
having fabricated tip structures, particularly useful as
the resilient contact structures residing atop the space
transformer is now discussed. In this example, a silicon
substrate (wafer) 802 having a top (as viewed) surface
is used as the sacrificial substrate. A layer 804 of titani-
um is deposited (e.g., by sputtering) onto the top surface
of the silicon substrate 802, and has a thickness of ap-
proximately 250 Å (1Å = 0.1 nm = 10-10 m). A layer 806
of aluminum is deposited (e.g., by sputtering) atop the
titanium layer 804, and has a thickness of approximately
10,000 Å. The titanium layer 804 is optional and serves
as an adhesion layer for the aluminum layer 806. A layer
808 of copper is deposited (e.g., by sputtering) atop the
aluminum layer 806, and has a thickness of approxi-
mately 5,000 Å. A layer 810 of masking material (e.g.,
photoresist) is deposited atop the copper layer 808, and
has a thickness of approximately 2 mils. The masking
layer 810 is processed in any suitable manner to have
a plurality (three of many shown) of holes 812 extending
through the photoresist layer 810 to the underlying cop-
per layer 808. For example, each hole 812 may be 6
mils in diameter, and the holes 812 may be arranged at
a pitch (center-to-center) of 10 mils. The sacrificial sub-
strate 802 has, in this manner, been prepared for fabri-
cating a plurality of multi-layer contact tips within the
holes 812, as follows:
[0219] A layer 814 of nickel is deposited, such as by
plating, onto the copper layer 808, and has a thickness
of approximately 1.0 -1.5 mils. Optionally, a thin layer
(not shown) of a noble metal such as rhodium can be
deposited onto the copper layer prior to depositing the
nickel. Next, a layer 816 of gold is deposited, such as
by plating, onto the nickel 814. The multi-layer structure
of nickel and aluminum (and, optionally, rhodium) will
serve as a fabricated tip structure (820, as shown in Fig-
ure 8B).
[0220] Next, as illustrated in Figure 8B, the photore-
sist 810 is stripped away (using any suitable solvent),
leaving a plurality of fabricated tip structures 820 sitting
atop the copper layer 808. Next; the copper (808) is sub-
jected to a quick etch process, thereby exposing the alu-
minum layer 806. As will be evident, aluminum is useful
in subsequent steps since it is substantially non-wetta-
ble with respect to solder and braze materials.
[0221] It bears mention that it is preferred to pattern
the photoresist with additional holes within which "er-
satz" tip structures 822 may be fabricated in the same
process steps employed to fabricate the tip structures
820. These ersatz tip structures 822 will serve to uni-
formize the aforementioned plating steps in a manner
that is well known and understood, by reducing abrupt
gradients (non-uniformities) from manifesting them-

selves across the surface being plated. Such structures
(822) are known in the field of plating as "robbers".
[0222] Next, solder or brazing paste ("joining materi-
al") 824 is deposited onto the top (as viewed) surfaces
of the tip structures 820. (There is no need to deposit
the paste onto the tops of the ersatz tip structures 822).
This is implemented in any suitable manner, such as
with a stainless steel screen or stencil. A typical paste
(joining material) 824 would contain gold-tin alloy (in a
flux matrix) exhibiting, for example, 1 mil spheres (balls).
[0223] The tip structures 820 are now ready to be
mounted (e.g., brazed) to ends (tips) of resilient contact
structures, preferably the composite interconnect ele-
ments of the present invention. However, it is preferred
that the composite interconnect elements first be spe-
cially "prepared" to receive the tip structures 820.
[0224] Figure 8C illustrates a technique 850 for pre-
paring a space transformer substrate 830 (compare
506) with a plurality (two of many shown) of composite
interconnection elements 832 (compare 524) in antici-
pation of tip structures (820) being mounted to the ends
of the composite interconnection elements 832. The
composite interconnections elements (probe elements)
832 are shown in full (rather than in cross section).
[0225] In this example, the composite interconnection
elements 832 are multilayer (compare Figure 2A) and
have a gold (wire) core overcoated with a layer (not
shown) of copper and further overcoated with a layer
(not shown) of nickel (preferably a nickel-cobalt alloy
having proportions 90:10 of Ni:Co), and further over-
coated with a layer (not shown) of copper. As will be ev-
ident, it is preferred that the nickel layer be deposited to
only a substantial portion (e.g., 80%) of its desired final
thickness, the remaining small portion (e.g., 20%) of the
nickel thickness being deposited in a subsequent step,
described hereinbelow.
[0226] In this example, the space transformer sub-
strate 830 is provided with a plurality (two of many
shown) of pillar-like structures 834 extending from its
top (as viewed) surface which, as will be evident, will
function as polishing "stops". It is not necessary to have
a large number of these polishing stops, and they are
readily formed with and of the same material as the sub-
strate (e.g., ceramic).
[0227] The space transformer substrate 830 is then
"cast" with a suitable casting material 836, such as ther-
mally-meltable, solution-soluble polymer, which serves
to support the composite interconnection elements 832
extending from the top surface of the space transformer
substrate. The top (as viewed) surface of the overmold-
ed substrate is then subjected to polishing, such as with
a polishing wheel 838 which is urged down (as viewed)
onto the top surface of the casting material. The afore-
mentioned polishing stops 834 determine the final posi-
tion of the polishing wheel, as indicated by the dashed
line labelled "P". In this manner, the tips (top ends, as
viewed) of the composite interconnection elements 832
are polished to be substantially perfectly coplanar with
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one another.
[0228] As discussed hereinabove, a mechanism (e.
g., differential screws or an automated mechanism) is
provided in the overall probe card assembly (500) to ori-
ent the space transformer to ensure that the tips of re-
silient contact structures are coplanar with a semicon-
ductor wafer being tested, and that the tips are
planarized to make substantially simultaneous contact
with the wafer. Certainly, starting with tips which have
been planarized by polishing (or by any other suitable
means) will contribute to achieving this important objec-
tive. Moreover, by ensuring that the' tips of the probe
elements (832) are coplanar to begin with, relaxes (re-
duces) the constraints imposed on the interposer com-
ponent (534) to accommodate (by compliance) non-
planarities in the tips of the probe elements (832) ex-
tending from the space transformer component.
[0229] After having planarized the tips of the probe
elements by polishing, the casting material 836 is re-
moved with a suitable solvent. (The polishing stops 834
will be removed at this time.) Casting materials are well
known, as are their solvents. It is within the scope of this
invention that casting materials such as wax, which can
simply be melted away, can be used to support the
probe elements (832) for polishing. The space trans-
former has, in this manner, been prepared to receive the
aforementioned tip structures (820).
[0230] A beneficial side effect of the polishing opera-
tion is that the material overcoating the gold wire stem
(core) of the composite interconnection element 832 will
be removed at the tip, leaving the gold core exposed.
Inasmuch as it is desired to braze tip structures (820) to
the tips of the composite interconnection elements, hav-
ing exposed gold material to braze to is desireable.
[0231] That having been said, it is preferred to further
"prepare" the space transformer for receiving the tip
structures by first performing one additional plating step
- namely, nickel plating the composite interconnection
elements 832 to provide the composite interconnection
elements with the aforementioned remaining small por-
tion (e.g., 20%) of their desired, overall nickel thickness.
[0232] The prepared substrate shown in Figure 8B is
now brought to bear upon the prepared space trans-
former. As shown in Figure 8D, the tip structures 820
(only two tip structures are shown in the view of Figure
8D, for illustrative clarity) are aligned with the tips of the
composite interconnection elements 832, using stand-
ard flip-chip techniques (e.g., split prism), and the as-
sembly is passed through a brazing furnace to reflow
the joining material 824, thereby joining (e.g., brazing)
the prefabricated tip structures 820 to the ends of the
contact structures 832.
[0233] It is within the scope of this invention that this
technique can be used to join (e.g., braze) pre-fabricat-
ed tip structures to ends of non-resilient contact struc-
tures, resilient contact structures, composite intercon-
nection elements, and the like.
[0234] During the reflow process, the exposed alumi-

num layer (806), being non-wettable, prevents solder (i.
e., braze) from flowing between the tip structures 820,
i.e., prevents solder bridges from forming between ad-
jacent tip structures. In addition to this anti-wetting func-
tion of the aluminum layer, the aluminum layer also
serves as a release layer. Using a suitable etchant, the
aluminum is preferentially (to the other materials of the
assembly) etched away, and the silicon substrate 802
simply "pops" off, resulting in a space transformer hav-
ing composite interconnection elements (probe ele-
ments) each having a prefabricated tip structure, as il-
lustrated in Figure 8E. (Note that the joining material
824 has reflowed as "fillets" on end portions of the probe
elements 832.) In a final step of the process, the residual
copper (808) is etched away, leaving the tip structure
820 with nickel (or rhodium, as discussed hereinabove)
exposed for making contact to terminals of an electronic
component being probed.
[0235] It is within the scope of this invention, but it is
generally not preferred, that composite interconnection
elements (such as 832) can first be fabricated on the tip
structures themselves, in the "spirit" of the technique de-
scribed with respect to Figures 2D-2F, utilizing the tip
structure metallurgy described with respect to Figure
8A, and subsequently mounted to the space transform-
er substrate.
[0236] It is within the scope of the invention that the
brazing (soldering) paste 824 is omitted, and in its stead,
a layer of eutectic material (e.g., gold-tin) is plated onto
the resilient contact structures prior to mounting the con-
tact tips (820) thereto.
[0237] Although the invention has been illustrated and
described in detail in the drawings and foregoing de-
scription, the same is to be considered as illustrative and
not restrictive in character - it being understood that only
preferred embodiments have been shown and de-
scribed, and that all changes and modifications that
come within the spirit of the invention are desired to be
protected. Undoubtedly, many other "variations" on the
"themes" set forth hereinabove will occur to one having
ordinary skill in the art to which the present invention
most nearly pertains, and such variations are intended
to be within the scope of the invention, as disclosed
herein. Several of these variations are set forth in the
parent case.
[0238] For example, in any of the embodiments de-
scribed or suggested herein where a masking material
(e.g., photoresist) is applied to a substrate and pat-
terned such as by exposure to light passing through a
mask and chemically removing portions of the masking
material (i.e., conventional photolithographic tech-
niques), alternate techniques can be employed, includ-
ing directing a suitable collimated light beam (e.g., from
an excimer laser) at portions of the masking material (e.
g., blanket hardened photoresist) sought to be removed,
thereby ablating these portions of the masking material,
or directly (without the use of a mask) hardening por-
tions of the masking material with a suitable collimated
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light beam then chemically washing off the non-hard-
ened masking material.
[0239] It has been suggested hereinabove that the
composite interconnection elements of the present in-
vention are but an example of suitable resilient contact
structures that can be mounted directly to terminals of
a space transformer component of a probe card assem-
bly. For example, it is within the scope of this invention
that needles of an inherently resilient (relatively high
yield strength) material, such as tungsten, can be coat-
ed with a material, such as solder or gold, to make them
solderable, optionally supported in a desired pattern,
and soldered to the terminals of the space transformer.
[0240] Within the range of the invention, there are the
following inventive concepts:

According to a Concept A) a space transformer for
a probe card assembly, comprises:

a space transformer substrate having a top surface,
a bottom surface, a first plurality of terminals dis-
posed on the top surface, and a second plurality of
terminals disposed on the bottom surface; and
a first plurality of resilient contact structures mount-
ed directly to the first plurality of terminals.

In an advantageous embodiment the Concept A)-
space transformer further comprises tip structures
mounted to ends of the first plurality of resilient contact
structures.

In an advantageous embodiment of the Concept
A)-space transformer the first plurality of resilient con-
tact structures are composite interconnection elements.

In an advantageous embodiment of the Concept
A)-space transformer the first plurality of resilient con-
tact structures are fabricated on a sacrificial substrate
prior to mounting the first plurality of resilient contact
structures directly to the first plurality of terminals.

In an advantageous embodiment the Concept A)-
space transformer further comprises: a second plurality
of resilient contact structures mounted directly to the
second plurality of terminals.

In an advantageous embodiment of the Concept
A)-space transformer the second plurality of resilient
contact structures are composite interconnection ele-
ments.

In an advantageous embodiment of the Concept
A)-space transformer the second plurality of resilient
contact structures are fabricated on a sacrificial sub-
strate prior to mounting the second plurality of resilient
contact structures directly to the second plurality of ter-
minals.
[0241] According to a Concept B) a Probe Card As-
sembly, comprises:

a probe card having a top surface, a bottom surface
and a plurality of contact terminals on the top sur-
face thereof;
an interposer having a top surface, a bottom sur-

face, a first plurality of resilient contact structures
extending from the bottom surface thereof and a
second plurality of contact structures extending
from the top surface thereof; and
a space transformer having a top surface, a bottom
surface, a plurality of contact pads disposed on the
bottom surface thereof, and a third plurality of resil-
ient contact structures extending from the top sur-
face thereof;

wherein the first plurality of resilient contact struc-
tures effect a pressure connection with the contact ter-
minals of the probe card; and the second plurality of re-
silient contact structures effect a pressure connection
with the contact pads of the space transformer.

In an advantageous embodiment of the Concept
B)-Probe Card Assembly the third plurality of resilient
contact structures are mounted directly to terminals on
the top surface of the space transformer.

In an advantageous embodiment of the Concept
B)-Probe Card Assembly the first plurality of resilient
contact structures are composite interconnection ele-
ments.

In an advantageous embodiment of the Concept
B)-Probe Card Assembly the second plurality of resilient
contact structures are composite interconnection ele-
ments.

In an advantageous embodiment of the Concept
B)-Probe Card Assembly the third plurality of resilient
contact structures are composite interconnection ele-
ments.

In an advantageous embodiment of the Concept
B)-Probe Card Assembly each one of the first plurality
of resilient contact structures are at least two composite
interconnection elements.

In an advantageous embodiment of the Concept
B)-Probe Card Assembly each one of the second plu-
rality of resilient contact structures are at least two com-
posite interconnection elements.

In an advantageous embodiment the Concept B)
-Probe Card Assembly further comprises: a front mount-
ing plate made of a rigid material, having a top surface
and a bottom surface, and disposed with its bottom sur-
face against the top surface of the probe card; means
for affixing the front mounting plate to the top surface of
the probe card; and means for urging the space trans-
former against the top surface of the probe card. In this
embodiment the front mounting plate can be made of
stainless steel. Further, in this embodiment, the means
for urging the space transformer can comprise a mount-
ing ring; and a plurality screws holding the mounting ring
to the front mounting plate with the space transformer
captured therebetween. In the latter alternative the
mounting ring can be made of a springy material. Or it
can comprise a spacer ring disposed between the
mounting ring and the top surface of the space trans-
former.

In an advantageous embodiment of the Concept
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B)-Probe Card Assembly the means for affixing the front
mounting plate comprises a rear mounting plate made
of a rigid material, having a top surface and a bottom
surface, and disposed with its top surface against the
bottom surface of the probe card; and a plurality of
screws extending between the front mounting plate and
the rear mounting plate, through the probe card. In the
latter embodiment the rear mounting plate can be made
of stainless steel. Further, the means for adjusting the
planarity of the space transformer can comprise a plu-
rality of differential screws, each including an outer dif-
ferential screw element an inner differential screw ele-
ment, acting upon the bottom surface of the space trans-
former. And it can further comprise a plurality of pivot
spheres disposed on ends of the inner differential screw
elements. Alternatively it comprises an actuator mount-
ing plate disposed beneath the probe card; wherein the
differential screws are threaded into the actuator mount-
ing plate. Or the means for adjusting the planarity of the
space transformer comprises a plurality of actuators, re-
sponsive to a Computer, acting upon the bottom surface
of the space transformer.

In an advantageous embodiment the Concept B)
-Probe Card Assembly further comprises means for ad-
justing the planarity of the space transformer without
changing the orientation of the probe card.

In an advantageous embodiment of the Concept
B)-Probe Card Assembly the contact pads are disposed
at a first pitch on the bottom surface of the space trans-
former; the third plurality of resilient contact structures
are disposed at a second pitch on the top surface of the
space transformer; and the first pitch is greater than the
second pitch.

In an advantageous embodiment of the Concept
B)-Probe Card Assembly the first plurality of resilient
contact structures are disposed at a first pitch on the
bottom surface of the interposer; the second plurality of
resilient contact structures are disposed at a second
pitch on the top surface of the interposer; and the first
pitch is the same as the second pitch.

In an advantageous embodiment of the Concept
B)-Probe Card Assembly the contact pads are disposed
at a first pitch on the bottom surface of the space trans-
former; the third plurality of resilient contact structures
are disposed at a second pitch on the top surface of the
space transformer; the first plurality of resilient contact
structures are disposed at the first pitch on the bottom
surface of the interposer; the second plurality of resilient
contact structures are disposed at the first pitch on the
top surface of the interposer; and the first pitch is greater
than the second pitch.
[0242] According to a Concept C) a Probe Card Kit,
comprises:

a space transformer having a top surface, a bottom
surface, a plurality of contact pads disposed on the
bottom surface thereof, and a first plurality of resil-
ient contact structures extending from the top sur-

face thereof, said space transformer adapted in use
for tips of the first plurality of resilient contact struc-
tures making pressure contacts with a plurality of
contact areas on a semiconductor wafer; and
an interposer having a top surface, a bottom sur-
face, a second plurality of resilient contact struc-
tures extending from the top surface thereof, said
interposer adapted in use for tips of the second plu-
rality of resilient contact structures making pressure
connections with the plurality of contact pads on the
bottom surface of the space transformer, the inter-
poser having a third plurality of contact structures
extending from the bottom surface thereof, said in-
terposer adapted in use for tips of the third plurality
of resilient contact structures making pressure con-
nections with a plurality of terminals on a probe
card.

In an advantageous embodiment of the Concept
C)-Probe Card Kit, the contact pads are disposed at a
first pitch on the bottom surface of the space transform-
er; the first plurality of resilient contact structures are dis-
posed at a second pitch on the top surface of the space
transformer; and the first pitch is greater than the second
pitch.

In an advantageous embodiment of the Concept
C)-Probe Card Kit, the third plurality of resilient contact
structures are disposed at a first pitch on the bottom sur-
face of the interposer; the second plurality of resilient
contact structures are disposed at a second pitch on the
top surface of the interposer; and the first pitch is the
same as the second pitch.

In an advantageous embodiment of the Concept
C)-Probe Card Assembly, the contact pads are dis-
posed at a first pitch on the bottom surface of the space
transformer; the first plurality of resilient contact struc-
tures are disposed at a second pitch on the top surface
of the space transformer; the third plurality of resilient
contact structures are disposed at the first pitch on the
bottom surface of the interposer; the second plurality of
resilient contact structures are disposed at the first pitch
on the top surface of the interposer; and the first pitch
is greater than the second pitch.
[0243] A Concept D)-Method of planarizing tips of
probes on an interposer assembly, comprises: providing
a support substrate having a top surface, a bottom sur-
face, and a plurality of probe elements extending from
the top surface, each probe element having a tip at an
end distal from the top surface of the support substrate;
mounting the support substrate on a probe card having
a top surface, the bottom surface of the support sub-
strate opposing the top surface of the probe card, said
support substrate having an orientation, said probe card
having an orientation; and adjusting the orientation of
the support substrate without altering the orientation of
the probe card, so as to planarize the tips of the probe
elements.
[0244] A Concept E)-Resilient contact structure com-
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prises: a composite interconnection element having an
end; and a pre-fabricated tip structure joined to the end
of the composite interconnection element.

In an advantageous embodiment of the Concept
E)-Resilient contact structure, the resilient contact
structure is a probe element mounted to a space trans-
former.
[0245] A Concept F)-Method of fabricating tip struc-
tures for ends of contact structures comprises: deposit-
ing at least one layer of at least one conductive material
on a surface of a silicon wafer; depositing a layer of
masking material atop the at least one conductive layer;
patterning openings in the masking material; depositing
at least one layer of at least one conductive material into
the openings; and removing the masking material.

In an advantageous embodiment the Concept F)
-Method further comprises: depositing a joining material
on the at least one layer of at least one conductive ma-
terial previously deposited in the openings. This further
may include: joining the tip structures to ends of contact
structures.

In an advantageous embodiment of the Concept
F)-Method the contact structures are resilient contact
structures.

In an advantageous embodiment of the Concept
F)-Method the contact structures are composite inter-
connection elements.

In an advantageous embodiment of the Concept
F)-Method the contact structures are resilient contact
structures disposed atop a space transformer of a probe
card assembly.

Claims

1. A method of producing a tested semiconductor de-
vice comprising:

providing a probe card assembly, said probe
card assembly including a probe card having a
plurality of electrical contacts, a probe sub-
strate having a plurality of elongate, resilient
probe elements, and a compliant interconnec-
tion structure electrically connecting ones of
said electrical contacts with ones of said probe
elements;
providing a plurality of semiconductor devices,
each of said semiconductor devices including
electrical contact pads;
bringing said probe elements into contact with
said electrical contact pads of said semicon-
ductor device; and
testing said semiconductor devices.

2. The method of claim 1, wherein said compliant in-
terconnection element is disposed between said
probe card and said probe substrate.

3. The method of claim 1, wherein said plurality of
semiconductor devices are in wafer form.

4. The method of claim 1, wherein said method of pro-
ducing a tested semiconductor device further com-
prises the step of dicing said wafer to singulate said
semiconductor devices.

5. The method of claim 2, wherein said compliant in-
terconnection structure comprises of elongate inter-
connection elements extending from opposing sur-
faces of said interconnection structure.

6. The method of claim 5, each of said plurality of elon-
gate interconnection elements is disposed such
that said elongate element passes through an
opening in said compliant interconnection structure,
opposite ends of said elongate interconnection el-
ement being spaced from said opposing surfaces
of said interconnect structure.

7. The method of claim 5, wherein said plurality of
elongate interconnection elements exert forces
against said probe card and said probe substrate.

8. The method of claim 7, wherein said forces are
spring forces.

9. The method of claim 5, wherein said elongate inter-
connection elements are resilient.

10. The method of claim 9, wherein each of said elon-
gate interconnect elements comprises a core of a
first material and a coating of a second material,
wherein said second material is more resilient than
said first material.

11. The method of claim 5, wherein each of said elon-
gate interconnect elements comprises a precursor
of a first material and a coating of a second material.

12. The method of claim 1, wherein said compliant in-
terconnection structure comprises a first plurality of
interconnection elements extending from one sur-
face of said interconnection structure and a second
plurality of interconnection structures extending
from an opposing surface aid interconnection struc-
ture.

13. The method of claim 12, wherein said first plurality
of interconnection elements have different mechan-
ical characteristics from said second plurality of in-
terconnection elements.

14. The method of claim 13, wherein said second plu-
rality of interconnection structures are rigid.

15. The method of claim 5, wherein said compliant in-

49 50



EP 1 408 338 A2

27

5

10

15

20

25

30

35

40

45

50

55

terconnection structure is demountable.

16. The method of claim 2, wherein said probe card in-
cludes a plurality of interconnection element struc-
tures, ones of said plurality of interconnection ele-
ment structures extending from ones of said plural-
ity of electrical contacts, said plurality of intercon-
nection element structures contacting said compli-
ant interconnection structure.

17. The method of claim 2, wherein said probe sub-
strate includes a plurality of interconnection ele-
ment structures, said plurality of interconnection el-
ement structures contacting said compliant inter-
connection structure.

18. The method of claim 1, further comprising aligning
tips of said probe elements by altering an orienta-
tion of said probe substrate with respect to said
probe card.

19. The method of claim 18, wherein said altering com-
prises moving a moveable element disposed so as
to affect an orientation of said probe substrate with
respect to said probe card.

20. The method of claim 19, wherein said moveable el-
ement is threaded.

21. The method of claim 18, wherein said moveable el-
ement comprises a screw.

22. The method of claim 21, wherein said screw com-
prises a differential screw.

23. The method of claim 19, wherein moving said move-
able element in a first direction causes at least a
portion of said probe substrate to move toward said
probe card.

24. The method of claim 23, wherein moving said move-
able element in a second direction allows at least a
portion of said probe substrate to move away from
said probe card.

25. The method of claim 18, further comprising moving
a plurality of said moveable elements.

26. The method of claim 19, wherein said altering com-
prises actuating a servo mechanism disposed to al-
ter a position of said probe substrate with respect
to said probe card.

27. The method of claim 19, wherein said altering com-
prises actuating a piezoelectric actuator disposed
to alter a position of said probe substrate with re-
spect to said probe card.

28. The method of claim 19, wherein said aligning com-
prises aligning said tips with an alignment plate.

29. The method of claim 1, wherein said probe sub-
strate comprises a space transformer.

30. The method of claim 1, wherein each of said probe
elements comprises a first material and a second
material, wherein said second material is more re-
silient than said first material.

31. The method of claim 28, wherein said screw com-
prises a differential screw.

32. A method of producing a tested semiconductor de-
vice comprising:

providing a probe card comprising a plurality of
electrical contacts;
providing a probe substrate moveably affixed
to said probe card and comprising a plurality of
elongate, resilient probe elements, ones of said
elongate resilient probe elements being in elec-
trical communication with ones of said electrical
contacts;
aligning tips of said probe elements by altering
an orientation of said probe substrate with re-
spect to said probe card;
providing a semiconductor device;
bringing said tips into contact with said semi-
conductor device; and
testing said semiconductor device.

33. The method of claim 32, wherein said altering com-
prises moving a moveable element disposed so as
to affect an orientation of said probe substrate with
respect to said probe card.

34. The method of claim 33, wherein said moveable el-
ement is threaded.

35. The method of claim 33, wherein said moveable el-
ement comprises a screw.

36. The method of claim 33, wherein moving said move-
able element in a first direction causes at least a
portion of said probe substrate to move toward said
probe card.

37. The method of claim 36, wherein moving said move-
able element in a second direction allows at least a
portion of said probe substrate to move away from
said probe card.

38. The method of claim 32, further comprising moving
a plurality of said moveable elements.

39. The method of claim 32, wherein said altering com-
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prises actuating a servo mechanism disposed to al-
ter a position of said probe substrate with respect
to said probe card.

40. The method of claim 32, wherein said altering com-
prises actuating a piezoelectric actuator disposed
to alter a position of said probe substrate with re-
spect to said probe card.

41. The method of claim 32, wherein said probe sub-
strate comprises a space transformer.

42. The method of claim 32, wherein said probe ele-
ments comprise a core of a first material and a coat-
ing of a second material, wherein said second ma-
terial is more resilient than said first material.

43. The method of claim 32, wherein said aligning com-
prises aligning said tips with an alignment plate.
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